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The new Addo-X M7E (8) digital 

printer is specially designed to 

print out from digital volt 

meters, ohm meters and other 

equipment giving automatic 

range setting—and thus requir- 

ing the print-out of a variable 

decimal point. It can also be 

supplied with half the capacity For full details, or special- _ 
decimal and half special, to en- ist advice and consulta- 


tion, please write to: 
able a small calculating register Bulmers(Caloulators)Lté.. 
to be used. 


appo-x Automatic Data 
These modifications can also be processing Division, 


applied to most Addo-X add/ EmpireHouse,St.Martins- | 
listing, shuttle carriage and le-Grand, London ECIl. | 
accounting machines...arange ™MONarch 7991. 

which covers innumerable 

applications in this sphere of ead 


Automatic Data Recording. Susimess macnines 


a Nets sh tts Sst ass 
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ee 


ELECTRO-HYDRAULIC 
SERVO VALVE 


The valve — see diagram — consists of a main valve and 
a pilot valve. The main valve is supplied with pressure oil 
through ports A and B. When the spool is in the central 
position— as shown—the oil escapes through the 
tapered slots to the opposed jets C and D in the pilot valve 
and impinges on each side of the diaphragm. The two 
coils can be energised to attract the diaphragm towards 
one or other of the jets. If the signal to the right hand coil 
is the stronger, the diaphragm will flex to the right, 
restricting the flow from the right hand jet and thus 
increasing the pressure in that line. Similarly, the pressure 
in the left hand line is reduced. This pressure difference 
is transmitted to the main valve and causes the spool to 
move to the left until the resultant decrease in discharge 
area of the tapered slot at the right hand end of the spool 
and the increase in that at the left cause equilibrium to be 
restored. The displacement of the spool uncovers ports 
E and F, thus opening pressure and return lines to the 
hydraulic machinery. 


ARMSTRONG WHITWORTH EQUIPMENT HUCCLECOTE, GLOUCESTER - TELE: GLO 6678! 
SIR W. G. ARMSTRONG WHITWORTH AIRCRAFT LTD., A MEMBER OF THE HAWKER SIDDELEY GROUP 
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ARMSTRONG WHITWORTH EQUIPMENT 
BR W. G. ARMSTRONG WHITWORTH AIRCRAFT LTD., 
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The valve — see diagram — consists of a main valve and 
a pilot valve. The main valve is supplied with pressure oil 
through ports A and B. When the spool is in the central 
position — as shown—the oil escapes through the 
tapered slots to the opposed jets C and D in the pilot valve 
and impinges on each side of the diaphragm. The two 
coils can be energised to attract the diaphragm towards 
one or other of the jets. If the signal to the right hand coil 
is the stronger, the diaphragm will flex to the right, 
restricting the flow from the right hand jet and thus 
increasing the pressure in that line. Similarly, the pressure 
in the left hand line is reduced. This pressure difference 
is transmitted to the main valve and causes the spool to 
move to the left until the resultant decrease in discharge 
area of the tapered slot at the right hand end of the spool 
and the increase in that at the left cause equilibrium to be 
restored. The displacement of the spool uncovers ports 
E and F, thus opening pressure and return lines to the 
hydraulic machinery. 


HUCCLECOTE, GLOUCESTER + TELE: GLO 6678) 
A MEMBER OF THE HAWKER SIDDELEY GROUP 


Circle No 4 on reply card for further details 





a «  * I _——_ 








hats off to 


eer 


SILICON 


RECTIFIERS 


First again! 


Complete range of TYPE APPROVED 


“G" Series Rectifiers, 
which is the range from which 
these Type Approved devices 

have been developed, 

offer high temperature operation 
—250mA, at 150°C up to 600 P.I.V. 
—and high voltage operation 

up to 1000 P.I.V. 

—and are available trom stock 


| Plessey 


Medium Power Top Hat 
RECTIFIERS 


from 


100 P.1.V.to 800 P.L.V. 


0:75 AMP AT 25°C —0°5 AMP AT 100°C 


COMMERCIAL 
E.V. SPECIFICATION mV. EQUIVALENTS 


CV 7030 
CV 7029 
CV 7028 
CV 7027 
CV 7026 


COMPONENTS GROUP 


Semimetals Division 

The Plessey Company Limited 
Woodburcote Way Towcester Northants 
Telephone: Towcester 312 

Overseas Sales Organisation 

Plessey International Limited liford Essex 
Telephone: Ilford 3040 
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wherever 

speed, frequency or 
voltage is controlled 
you'll find 


QHUHHE 


TRANSDUCTOR 
AND MAGNETIC 
AMPLIFIER SYSTEMS 








Type 1000 


Encapsulated transductors 


Type 2000 


-type transductors suit- 
able for use in industrial appli- 
cations requirin: = Eee 
Classification 40/70 H2. Many 
of these transductors are in use 
in steel works, coal mines and 
similar situations where ro- 
bustness and emeniiaty are of 
prime importance 


Type 3000 


Transductors use _ toroidal 
cores, the whole assembly 
being encapsulated in an epoxy- 

resin - — a component 


Type 4000 


—~ 4000 range the transduc- 

are of the same high qua!- 
ityand finish as the range, 
but the construction is euch 
that they can be supplied as 
either 1-, 2-, or 3-element as- 
oes. emetic Classifica- 

on 






































satisfying th uirements of 
ggg Classi _ tion 40/70 


a. see is Admiralty 
ye is used exten- 
sively in Service equipment. 
Supply Freq. D.C. Output 


50c/s |From 50Wto 250W 
400c/s | From500W to2000W 












( 
sively in Service equipment. 


Supply Freq. D.C. Output 
50 c/s From 0°005W to 11W 
400 c/s From 1W to 145W 


The Sanders range of high peeteeonce transductors is ideally suitable for use in automatic 
control systems and applications where size, weight and qua uality are important. A 
comprehensive selection of transductors exists for operation from both 50 c/s and 400 c/s 
supplies. The advantage of being able to obtain astandard type of transductor with known 
characteristics enables them to be offered at competitive cost and with a short delivery 
period. In addition to this standard range, a large selection of transductors is produced 
using thé same high quality construction, but having different windings to suit individual 


requirements. 
THE 


GROUP OF COMPANIES 











Supply Freq. D.C. Output 


50c/s |From 50Wto 500W 
400 c/s | From500W to4000W 























Supply Freq. D.C. Output 


50c/s | From 50Wto1000W 
400 c/s | From500W to8000W 





This is one of a series of new 
instruments and components by 









W. H. SANDERS (ELECTRONICS) LTD 


GUNNELS WOOD ROAD « STEVENAGE* HERTS 
Telephone: Stevenage 961. Telex 82159 Sanders Stev. 
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a dramatic new light source 


pty 
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only HAGAN ring 
balance meters have 
all these features 


CONTROL September 1960 


High sensitivity and accuracy assured by a unique 
range calibration system and excellent torque-to- 
friction ratio, enabling the meter to be sensitive to flow 
changes BELOW 10% full scale. 

Accurate checkweights permit calibration of the meter 
under operating static pressures without disconnecting 
pipework, eliminating the need for unwieldy mano- 
meters. 

Interchangeable ring assemblies for full scale ranges 
from o-5 in. WG to 560 in. WG for static pressures 
from § lb. p.s.i.g. to 6000 lb. p.s.ig. Adjustment 
on any one ring over a 3-1 differential range. 


Pneumatic or electric transmission can be provided. 


HAGAN CONTROLS LIMITED 


a 


Pressure and temperature compensating features can 
be embodied. 

Up to two flow measuring elements and four recording 
pens may be combined in one meter. 

The integrator is a simple accurate unit, easily checked. 
Readings are totalised on a counter which can be read 
without opening the case. 

No mechanism is in contact with the fluid under 
measurement. 

Calibration is independent of both the net density 
of the sealing liquid and the quantity of sealing liquid, 
so long as a seal is maintained. 


14 Grosvenor Place S.W.1: Belgravia 6382 - Telegrams: Hagantrol Knights 


One of the [ Pessey | Group of Companies. 
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MVC THE MAGNETIC) | 


MVC Is the Registered Trade Mark of the Magnetic Valve Coltd. | 7 
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(Because we like to thoroughly digest our customer's problems!) 


We like to see a job well done. And we like to see our customers happy! 

Getting our teeth deeply embedded in to our customers’ problems—no matter 
how specialised and individual—is the backbone of the MVC Service! 

Over 30 years’ experience and ‘know-how’ has been built-in to our range of over 
100 automatic control valves. People control water with them, gas with them, oil 
with them, steam with them and a host of other industrial liquids and gases too! 
Mushrooms are grown with them, jam is made with them and ships’ cargoes are 
frozen with them! 

You’ll find that expert consultation and advice cost you absolutely nothing at 
MVC. Our full experience is at your disposal. Many times, what has first 
appeared to be impossible has been achieved. Why not write now for our new 


comprehensive catalogue No. 17 which contains full details of our complete 
range! 


P’ TYPE HIGH 
areas) bicindgpat 
PRESSURE STOP 
STOP VALVE NN 


BALANCED REGULATING aaa ee 
\ Sra: 


LOW PRESSURE 


STOP VALVE 


7 KENDALL PLACE - BAKER STREET - LONDON - W.1. TEL: HUNTER 1801 (4 LINES) 
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This small 
cylinder 


puts 
air to 


The Schrader midget air cylinder gives you many more fingers— : 


fingers of air—for use with jigs and fixtures, transfer 


and special purpose machines. For this compact, double-acting 


work 


for you 
ina 
big 
way 


To: A. SCHRADER’S SON, Air Control Products Dept. C 
829 TYBURN ROAD, ERDINGTON, BIRMINGHAM, 24 
Control Valves 


Please send details of Air Ejection Sets 


Schrader AIR CYLINDERS|and Airline Couplers ("“AtQuinto 
Blow Guns 
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unit is easily mounted into any assembly and is a 

boon for push, pull or push-and-pull movements with a 
lighter touch. Make no mistake though, this cylinder, 

with 1” bore, is toughly constructed to give long, trouble-free 
service under conditions of heavy going. Both cylinder 

and piston are of non-corrodible brass with cartridge type 
bronze bearing and piston rod seal. It has a 1” dia. neck 
mounting thread and fits a standard 1” bored hole. , 
Piston strokes available 1", 2”, 3”, 6’, 9” and 12”. 


MIDGET 


AIR 
CYLINDERS 


Schrader Air Cylinders, 
Control Valves, Air Ejection Sets, 
Airline Couplers, Blow Guns 
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customer evidence... 


Modestly we claim that under suitable conditions this 
new miniature will give service in excess of 10 million 
operations but 100 millions leaves us breathless and not 
a little proud. Capable of handling springset arrange- 
ments of up to 12 springs normal duty loading and 
switching at speeds of better than 10 m.s. when 
required, the G.P.S.T. is a natural for computers and 
similar applications. 


For more details please write to the 
TECHNICAL SERVICES DEPT. 


> ELECTROMECHANICAL DIVISION 
BEESTON - NOTTINGHAM 


ERICSSON TELEPHONES LIMITED + HEAD OFFICE - 22 LINCOLN’S INN FIELDS LONDON W.C.2 
ER8 
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The heart 
of the 
system 


easuring flow, pressure or 
pment there is no sensing device 
differential transformer used 
bnic transmitters. Simple, robust, 
) moving parts or delicate 
nents to be affected by shock or 
ion in hazardous positions, it 
ides exact electrical gauging of small 
mechanical movements with infinite 
resolution and high performance, 
it has low impedance with linear signal 
output, and it can add, subtract or 


average signals ... 


..» just one example of the outstanding advantages 
of the Swartwout Autronic Control systems 


THE SWARTWOUT COMPANY LIMITED 


CENTURY WORKS, LEWISHAM, S.E.13 TiDeway 1271 


A MEMBER OF THE ELLIOTT-AUTOMATION GROUP Ly 
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INTERNATIONAL specialise in producing high stability Zener Diodes 
and assemblies to give stable voltage reference for instrumenta- 
tion and servo systems. 

Single diodes are available from 1/2 to 10 watt rating and 
3.9 to 27 volts, with temperature stabilities down to .08% per 
degree Centigrade. 

Of particular interest are reference elements which comprise 
compensated diode assemblies and give 8.4 volts D.C. with 
stability of +.002% per degree Centigrade. 


INTERNATIONAL RECTIFIER COMPANY 


(GREAT BRITAIN) LIMITED - OXTED -: SURREY - Oxted 3215 


Associate company of International Rectifier Corporation U.S.A. and The Metal Industries Group, Great Britain. 


Gace 
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Emgel & Gibbs Liismmited 
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FOR YOUR PRECISE CONTROL REQUIREMENTS... 


ELLIOTT TORQUEMOTORS 


frOVeH tn aviation 


» NOW AVAILABLE AT SHORT NOTICE FOR INDUSTRIAL APPLICATIONS 


Designed to operate under arduous conditions of flight at speeds in excess of that of sound, 
Elliott Torquemotors have special characteristics which make them idea! for industrial applications. 
Unaffected by vibration and sudden shock, reliable at extremes of temperature, these small, compact 
units are today used in applications ranging from furnace electrode level control to miniature electro- 
cardiographs. Elliott production line techniques make them available more quickly — and at lower cost 


— than any similar units. There is a Torquemotor from the Elliott range to meet your precise control 
requirements. 


Illustrated: Type 276 with A.C. pick off for angular displacement feedback. 
Approx. 2.30" high, 1.805" wide, 1.320" deep. Normal working power 2.5 watts. 
Can be wound for a wide range of impedances. 


SERVO COMPONENTS DIVISION 


ELLIOTT BROTHERS (LONDON) LTD 
CENTURY WORKS : LEWISHAM: SE13 
Ly A MEMBER OF THE ELLIOTT-AUTOMATION GROUP 
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...and it could 
happen to you! 


In every factory where there are electric motors, there is the ever 
present danger of fire due to electrical faults such as single phasing 
and overloading — especially when starters are used that do not 
include the protection that is a basic part of the DUPAR TFK Starter. 
Don’t be tempted to economise on a starter that may be a few 


shillings cheaper, but does not include this positive protection. 


THE DUPAR TFK STARTER INCLUDES THE SPECIAL ET PROTECTOR 
= your insurance for complete safety of motor operation 


DO sg 


D EW i U RST INVERNESS WORKS 
HOUNSLOW MIDDLESEX 

& PARTNER LIMITED Telephone: HOUnslow 779! (12 lines) 
Telegrams: DEWHURST HOUNSLOW 


Field Offices at : 
* MANCHESTER - NEWCASTLE + NOTTINGHAM 


BIRMINGHAM - GLASGOW - GLOUCESTER - LEEDS 
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As a service to customers our produc- 
tion has now been arranged to 

enable us to offer for early delivery, 

a range of high-speed potentiometric 
recorders unrivalled in either variety or 
price. All the instruments listed below are, 
at the time of going to press, available 
on 2-4 weeks delivery. Mail the coupon 
below for prompt attention to your 
requirements. A wide range of other 
recorders is also available for 

early delivery. 


10° 
POTENTIOMETRIC 
RECORDERS 


CHART SPEEDS 
Spans in mV 5-position 


INPUT BRIDGE 
ENERGIZED BY: 
sake +4, 9, 15, MERCURY * For scale spans below 
10-50* | 10-100* switch} : ° . p CELL 10mV, plug-in range change 
assemblies are calibrated to 
order. 
Vv 
+ Maximum scale span 50mV 
ie. scale span of 5 mV 


v 
v 

Vv 
V 


gives :— 
Oto 5, 5to 10, 10to 15, 15 to 20 
and 20 to 25 mV. 


SINGLE POINT 


Standard recorders have a 
speed response of 2 secs. 
for f.s.d. 

Printing speeds of 5 secs. 
and 15 secs. per point are 
available as standard. 


8 & Bot 

9 £ 16pt 

10 = 16pt 

11 3 16pt 
= 


BESS SFRRRERlH 


Pa ee ee ee 4 


To: @ Reserve for me for 7 days pending firm order, 


recorder (s) as number 
Process Components Department 


Send me full quotation for recorder(s) 


Instrumentation Division ® on alates 


Associated Electrical Industries Ltd. 


th Dein thineias.- tenia -«tiiaiens @ Post to me complete technical literature on 
ae AEI range of recorders. 


Instrumentation Division 
P.O. Box 1- Harlow - Essex - Tel: Harlow 25271 
Associated Electrical industries Limited. 
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actual size 


Sen JerCel 1 WATT SILICON ZENER DIODES 


Z2 SERIES ZENER DIODES 
5°/ Vol NOMINAL 


Have a large dissipation for their 
size 

Are suitable for high temperature 
operation 

Have a low temperature co- 
efficient of voltage 

Are suitable for use as regulators, 
limiters, surge suppressors, and 
voltage references 

The first complete range of close- 
tolerance ZENER Diodes available 
from production 


Characteristics and ratings ‘of SenTerCel 
Zener Diodes are given in publication MF/103 


o BS 
Gaoup 
6 4MF 


Tolerance 


(Red and Green 


Sleeves) 


410% Voltage 


Tolerance 


(Red and Yellow 


Sleeves) 


+20% Voltage 


Tolerance 


(Red and Blue 


Sleeves) 


=—NU@ON®—NwWoaw 


UGH=Svengowvaswww 


Standard Telephones and Cables Limited 


Registered Office: Connaught House, Aldwych, London, W.C.2 
RECTIFIER DIVISION: EDINBURGH WAY - HARLOW .- ESSEX 
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JONES-TATE 


PRESENT 















NO OTHER ACTUATOR 
provides these STANDARD 
FEATURES :— 


NO FIRE HAZARD 
Unit does not run in oil bath 
MINIMUM OVERHANG 
NO RESTRICTION ON 
INSTALLATION ANGLE 


SEATING THRUST controlled by 
sensitive TORQUE SWITCH 






3.3 AUTOMATIC TRANSFER 

+" Power drive to Handwheel and vice versa 

3 REPETITIVE HAMMERBLOW 

i HIGH EFFICIENCY SPUR GEARING 

5.6 

3 ANY VALVE ANY SIZE ANY ANGLE 

3 Rising or non-rising spindles - Stem Diameters up to 44” 

I Valve spindle torques from 60-3500 Ib. /ft. at 24 r.p.m. i 
) Thrusts from 12,000 to 150,000 Ibs. - Air or natural gas operation : 
; Also available flameproof-weatherproof versions 

] 

5 


Years ahead for years to come!—Send for full technical details 


JONES TATE AND COMPANY LTD. (DIVISION OF DEWRANCE) 


VICTORY WORKS, EAST PARADE, BRADFORD Tel. BRADFORD 28348-9 Grams. VALVE, BRADFORD 
LONDON OFFICE: 165 Great Dover Street, London, S.E.1 Tel. HOP 3100 


ted 


=SSEX 
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off the cuff 


* No larger than the average 
cuff-link 
.78” 
ACTUAL on x New mechanism has mechanical life 
of at least 10 million operations 
% Three types of solder terminals available 


Comprehensive range of auxiliary actuators 


A 
de 


er/i 


MICRO SWITCHES <3 
BURGESS wore swrones (5 


y 
“ASS 


BURGESS PRODUCTS COMPANY LTD, MICRO SWITCH DIVISION, DUKES WAY, TEAM VALLEY, GATESHEAD 11 
Telephone: Low-Fell 75322: Telex: 53-229 London Office: 127 Victoria Street, SW1. Teléphone: TATe Gallery 0251 Telex: 2560 
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RESISTORS 


Don't hesitate - 
always specify PAINTON Wirewounds 


Examples of our miniature range 


Rett a 
(at 20°C) TYPE S| Tolerance 
Watts 
4 . 
5 


Protected by Patent Nos. 626128 4 56765279 
Fully Type Approved to RCS ii! 
Top Quality ~*~ Quick Delivery 
Competitive Prices 


Painton & Co.Ltd. 


KINGSTHORPE NORTHAMPTON. * 


‘ ,. ‘ 
Tel: 34251 (10 tines) - Grams ‘Ceil, Northampton’ High Yability Carbone tos ! 
TELEX 31576 
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PNEUTOMATION 


Stop, before you start a new production scheme or expand your old one, 
have a word with Lang Pneumatic about ‘Pneutomation’ 
—the pneumatic power system you can buy ‘off-the-shelf’ to control 
a hundred-and-one jobs from jig-boring to bell-ringing. 
With ‘Pneutomation’ to help you, you can raise your production level 
and maintain it—without human error and fatigue, 


f\ rejects or inaccuracies to limit output. 










Squinch says: 
** Plan with Lang 
Pneumatic right 
from the start, you'll 
be certain of the 


PIVUPTVOTUIT ELT ST EST 






P 
happy ending!” = ‘ 
Write to: ae 
8 ‘ he be D 
) Land Pheumaee. 
2 A : 
S 


[Associated with DESOUTTER BROTHERS ( 


OWEN ROAD, WOLVERHA 
Telex No. 33193 







pn 25221-2-3-4 


P3430 
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POST TOD 
FOR FULL 
DETAILS— 
POSTAGE PAID 


See Overleaf 


A.C. AND D.C. 
SOLENOIDS 


s@ 


Postage 
will be 
paid by the 
Addressee 


Licence No. B.H.K. 15 
WESTOOL LTD., 
ST. HELEN’S AUCKLAND, 


BISHOP AUCKLAND, 
Co. DURHAM. 









No Postage 
Stamp 
necessary if 
posted in 
Gt. Britain 
or Northern 
Ireland 


rE ””:”—”—(“<i‘iaRS:t:t:i‘éia “OC OOS 


A.C. and D.C. Solenoids 

Warner Electric Brakes & Clutches 
Transformers & Chokes 

Coils 

Coil Winding Machines 

Small Motors 

Electronic & Amplifier Control Gear 
Westool Elcotron Eddy-Current Couplings 
Sparkless Switch 

Potential Indicators 

Air Conditioners & Dehumidifiers 


MR. 


NAME & ADDRESS OF COMPANY 


For technical literature, 
place a tick against those 
products in which you 
are interested. Complete 
name and address details 
below and post—no stamp 
is needed. 
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ANNOUNCING 
THE 

LATEST 

AUDCO 
CONTROL 
VALVE 
DEVELOPMENT 


MODEL 1550 SPLIT BODY SINGLE 
SEATED DIAPHRAGM VALVE 


This new valve has been developed by the 
Audco Control Valves Division of Audley 
Engineering Company Limited at the request 
of instrument engineers in a wide variety of 
industries. It is intended to supplement the 
range of Audco Domotor Control Valves for 
the engineer who does not want to use a 
Positioner. This model retains all the ad- 
vantages of split body construction used with 
Domotor Operated Valves, and sub-assemblies 
of Body and Actuator are interchangeable. 
Should a change of service justify the use of a 
Positioner, it is possible to mount this on the 
top or side as desired. The valve body is pro- 
duced in a variety of metals including cast 
iron, stainless steel and bronze, and is avail- 
able in sizes up to |”, and will shortly be 
available in sizes up to 2”. 


A DLEY ENGINEERING CO. LTD - AUDCO CONTROL VALVES DIVISION - EASTERN AVENUE, GLOUCESTER - TEL: GLOUCESTER 21451/S 
- A Division of Audley Engineering Co. Ltd., Newport, Shropshi 
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‘When are advertisements telling? 


Many people say, ‘I never read advertisements.’ And this 
is often true in the sense that they are not digested in the 


way, for example, articles are. 


But nevertheless the ‘ messages’ of advertisements do get 
home. (This is fortunate, for without advertising the selling 
price of many journals— including this one— would be 


prohibitive. ) 


The advertisements in Control contain up-to-date news 
of products, developments and services in an easily assimil- 
able form. Go through the advertising in this issue — from 
beginning to end. Assuming your interest in the design, 
construction and maintenance of efficient systems of control, 
you will undoubtedly find that in a few minutes you have 


gained much valuable information. 


Advertisements in Control are always telling news worth 


being told. 


| CONTROL September 1960 


























This is a PYE 





Slash maintenance costs. 
Eliminate special precautions 





. against overloads. 
is Give you local or remote control 
TORQUE AND SPEED CONTROL . positively, simply and precisely. 


h A TASC master (Torque) gives you 
W at full control between zero and rated 
torque. 





A TASC master (speed) gives you a 
Can 20:1 speed range with good regula- 
tion, a smooth and fast take up and 
d no cogging. With full torque avail- 
0 able over the entire speed range. 
A TASC master (special) can be 
devised to give you 50:1 speed 
range. 


st 





this is 
what the 








The TASC unit is a new application of the Faraday The TASC Unit is unaffected by stall-down on output 
disc principle. no sliprings or brushes—low output inertia—no out- 
It consists of two independently rotating members of-balance forces—sealed bearings—sizes from 1/4 
magnetically linked by the field from a fixed coil. The to 10 h.p. 

transmitted torque is proportional to the coil current. 

It is thus an inherently controlled torque device. 

















Find out more about the 


| This coupon with your company letterhead will bring you full technical 
details and a demonstration at your works if you require it. 






TORQUE AND SPEED CONTROL 
| SIE se dhiintnensbikativintniasperdcessersersoenssbienh sesleonapabaibbaibedvininte PYE ELECTRIC LTD. (LOWESTOFT DIVISION) 
RN ode cians os ewncdnacchceroahots cdubssubaisbaamboubees OULTON WORKS, LOWESTOFT, ENGLAND 


Srihaasphsniiadieavhebebohas<boguecnpbarsininnnbiceneabenckapeanbaiens Telephone: Lowestoft 1900 Telegrams: Pylec Lowestoft 
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announce the G- PAC MK II 
GENERAL PURPOSE ANALOGUE COMPUTER 
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The G-PAC MK II GENERAL PURPOSE ANALOGUE COMPUTER is 
the choice of the discerning engineer in all fields of industry for the solution of 
complex problems. 





In the Chemical Engineering field. 
' % STABILITY STUDY OF DISTILLATION AND FRACTIONATING COLUMNS 
%# SIMULATION OF PROCESS CONTROL IN CHEMICAL PLANT 
%# STUDY OF REACTION AND DIFFUSION PROBLEMS 
%* HEAT TRANSFER 
are examples of the wide range of applications in which G-PAC Mk II can considerably reduce 
days of tedious design study to hours. 


For advice on problems—the long experience of the ELLIOTT ANALOGUE 
COMPUTING SERVICE is available to customers. 


Enquiries should be addressed to: 


“T 
a 
| PANELLIT LIMITED, Elstree Way, Borehamwood, Herts 


A member of the Elliott-Automation Group Telephone: Elstree 2040 
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Speed is the need in Printed Circuits 


B Ik | BON » print circuits faster 


The Printed Circuit is rapidly becoming established assembly 
practice in every field of electro-mechanics: Meeting this 
increasing demand takes specialist production such as only 
Bribond offers. Bribond manufacture circuits complete from 
design to finished board, and every stage is organised on modern 
line production methods providing outputs of any quantity. And 
each individual circuit is subjected to three critical inspections. 
This is increased when the copper is plated with either rhodium, 
silver, or gold. 


kX | N » make prototypes quicker 


The prototype department is at the service of all Bribond custo- 
mers. It can produce within 48 hours or less, the initial circuit 
from which future production can be planned. All that is needed 
is a clean circuit image from which reproduction can be made. 
Where desired, and time permits, the whole of this work can be 
carried out in our drawing office. Bribond recognise that quick 
prototypes—whether for complete units or small sub-assemblies— 
are essential in these highly competitive days when anything that 
shortens the time-lag between drawing board and production 
can mean a big reduction in marketing costs. 


iN | N [D maintain prompt deliveries 


Write for full details 
and samples to 


BRIBOND LIMITED 


Burgess Hill, Sussex 
Telephone: Burgess Hill 85611 


Bribond have organised production to guarantee prompt delivery 
of customer’s requirements. Consultation and planning of any 
form of printed circuit—double sided, component notated, flexible, 
flush surfaced, plated, etc.—is freely offered and your enquiry is 
invited. 
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REORD sores now omer 


This is the scale of a Record Moving Iron Ammeter — not 
Moving Coil as you might have thought. Note the linearity 
and ease of reading— clearly down to 10% 

Other notable features have not been omitted from this new 
design, i.e. high torque, low consumption, low frequency 
and temperature errors, long scale, contemporary design. 
Send for full details. 


THE RECORD ELECTRICAL CO. LTD. 
“Cirscale Works”, Broadheath, Altrincham, Cheshire 
Offices at: Belfast, Birmingham, Bristol, Dublin, Glasgow, Leeds,.London 
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A completely self-contained machine which develops, fixes, and 

dries photographic paper record at high speed without a darkroom. — 

Records up to 200 ft. long an 6 in. wide may be processed by one charge 
chine will also process @ number of 


of chemicals. The ma 
narrower width records simultaneously A rewind unit is 


available as an exira. 


ERS 
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INSTRUMENTS 


Made within the shadow of Big Ben, 
AVO instruments enjoy a reputation 
for reliability which, like the chimes 
of this famous Tower, reaches the 
farthest corners of the world 


).C. Amplifiers 
EXILE MITT TCL) is 
Valve Volimeters 
Mulli-range Testmeters 
Valve Testers 

and other electronic 


and nucleoni¢ instruments 


t 


Pee cae 


aoe 


ers 
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92-96 VAUXHALL BRIDGE RO! 
3404 (12 
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New developments 
in the air 





The multi-channel 
TRAFFIC ANALYSER 


Portable self-contained equipment automatically displaying 
a continuous analysis of channel utilisation and message totals 
from radio and telegraph networks. 


THE MULTI-CHANNEL TRAFFIC ANALYSER GIVES... 


Details of the amount of traffic passed on every circuit 
under review. 


The number of individual messages or transactions 
within the same period. 


The average time of each message. 


An indication of those channels becoming overloaded or 
redundant. 


Provision for analysing very short time periods to check 
‘‘peak’”’ traffic. 


All readings continuously displayed on counters mounted 
on the front of the equipment. 


All readings in real time units ready for plotting. 


Continuous or selected fixed period readings at the turn 
of a switch. 


Automatic camera recording of readings if required. 
Analysis of several circuits simultaneously. 





++ ++ + + +H HF F 





the new era 


“"NEWMARK 


LOUIS NEWMARK LTOD., INSTRUMENT DIVISION, PURLEY WAY, CROYDOE 
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showing the best way to pack a punch— 


—The products and services of the M.B.M. Group 
meet the urgent needs of the day. 

Operations cover : 

electro-mechanical components and equipment, 
electronic equipment and complete systems. 
Products include: 

aircraft lighting systems, miniature micro-switches, 
pressure switches, butting connectors, 
terminations, plugs and sockets. 

Services embrace : 

design and development, manufacture, 
environmental testing, packaging. 


Immediate action available from 


TECHNICAL SALES OFFICE 


M.B. METALS LIMITED 
VALE WORKS * PORTSLADE - SUSSEX ° ENGLAND 


Telephones: Technical Sales Office: Hove 46275 * Works: Hove 48623 
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tomakearelay 


NEW FOR PRINTED CIRCUITS! 
To meet the increasing use of printed circuit techniques we now The Siemens & Halske 
have available a range of 2, 4 and 6 pole printed circuit sockets Miniature Type Relay 154C 
for use with the complete range of Siemens and Halske Type 154 
and 162 miniature relays. 

: The Siemens & Halske 
SEE THE ADVANTAGES! Printed Circuit Socket 


*2, 4 and 6 pole sockets available *No ‘bridge’ connections needed Type 24C. 
*Pin spacing conforms to 0.15” module *Socket pin sizes are 

correct for standard hole sizes in the printed board. 

Full information and technical assistance on request. 


B & R RELAYS LIMITED - Temple Fields - Harlow - Essex 
Tel. Harlow 25231/4 Member of the Gas Purification Group 
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The Piannair 2+" Centrifugal Blower operates on 230V or 115V 
single phase 50 cycles. 
Built in two types for right or left hand air delivery. 


PLANNAIR & MARCONI 
MEETING IN GAMERA 


| 


4 


¢ : lilustration shows the Plannair 
There's nothing secret about it, however. It’s quite usual for top people in elec- 24” Centrifugal Blower installed 


tronics to turn to Plannair for whatever they need in temperature control equipment. in the Marcon! Mark IV TV comers. 
That's one of the reasons why the Marconi Mark IV TV camera—which is currently 
casting a cool and calculating eye around many a TV studio—relies on the new 
Plannair 24” centrifugal blower to keep things running smoothly when the heat’s on. 
Secondly, Marconi—in common with others of their high reputation—share the 
knowledge that size to output, the Plannair range of blowers and wafters are the 
world’s very best. They are also robust, silent and immensely reliable. 

Send for the Plannair Centrifugal Blower Leaflet which gives full details of the 
units available. 

Finally, should you run into difficulties in temperature control, may we suggest 
that you arrange a meeting with us? We can help you. 


| gene POR ce 
ANOTHER FINE APPLICATION OF THE ee ewe 21° CENTRIFUGAL BLOWER 
RE AE ee 


PLANNAIR LIMITED - Windfield House - Epsom Road - Leatherhead - Surrey - Telephone: Leatherhead 4091/3 & 2231 
@PLa3s 
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Size 10 A.C. Motor. 
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Precision 


Servo 


Components 


for missiles 


aircratt and automation 


Size 08 D.C, Motor. 


IN-LINE GEARHEADS. 

Low-inertia, low backlash 

Reade inf ppeene eee aes. 
Internati 


izes 10, * and 15, ratios up 
1000:1. Can be direct 


coupled to Internationa 
Frame size servo motors, 
synchros, potentiometers,etc. 


D.C. SERVO MOTORS. 

Miniature precision built ball 
‘gay Fy es 

nent magn . Ini 

ional frame Sizes 08, 11, 15 

. All mo- 
tors are reversible and can be 
used as generators. 


A.C. SERVO MOTORS. 
Precision - vate, low inertia 
motors 2- none 400 o/s or 
pl c/s in In’ ional frame 
izes 07, 10, Tie 15 and 18. 


P.G. 800 GOVERNED 
MOTOR 

roe D.C. Motor fitted with 
Gener. Maternal power (ns 
sistor circuit handles 97% of 
armature current. 


* 


A.C. MOTOR 
TACHOGENERATORS. 
Combined 2-phase servo 
motes and low inertia drag- 
senewetee, low nee 


va an earity 
Inteunet ~ ional frame sizes 10 
ani 5 


BREADBOARD 

COMPONENTS. 

A wide range of standard 

upports, shaftin » oars, 
erentials, etc., for 


boarding ystems. 
parts made from ininctured 
materials and man 

to close tolerances for ease 


assembly. 
HIGH SPEED ROTARY 
SWITCHES. 


Up to24 Switch wetees either 

aS. a el 
Scanning speeds upto l 3,006 
r.p.m. 


noise level undarent eT iawie 
ity. 


Synchronous, Damped and 
Braked Motors also available 


Write or telephone for literature dealing with 
our expanding range of Control Equipment 


(Control Equipment) Limited 
Vactric House, Sloane Street, London, S.W.1. Telephone BELgravia 7000 
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Telecommunications Division 


Comprehensive Telecommunications Systems 
Public Telephone Exchanges 
Private Telephone Systems 

Telephone lastréieats and Apparatus . 
Marine Signalling Apparatus 


Marine Radio Equipment 


Carrier Telephone Systems 
| FMVF Telegraph Equipment 
VHF Radio Telephone Terminals 


Control and Indicating Apparatus 


Associated Electrical Industries Limited 


Telecommunications Division 
WOOLWICH, LONDON, S.E.I8 


formerly the Telecommunications Division of 
SIEMENS EDISON SWAN LIMITED, WOOLWICH, LONDON, S.E.18 
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sub-assembly 


AMPHENOL 


DIBBON connection 


CONNECTORS 


Offering outstanding advantages, particularly to the designer 
of equipment for aircraft and computer applications, 
Amphenol. Micro-Ribbons feature valuable space-saving 
and weight-saving characteristics. Despite their compact 
size they nevertheless allow full exploitation of their unique 
ribbon contact features in miniature applications with com- 
plete reliability. 


With types available offering up to as many as 50 contacts, 
Amphenol Micro-Ribbons make possible the connection of 
many circuits and sub-units with considerable economy of 
space and weight. 


Write now for details of the Micro-Ribbons 


and others in the vast Amphenol Range. 


... the greatest name...the widest range 


AMPHENOL (GREAT BRITAIN) LIMITED 


Victoria Road, Burgess Hill,Sussex Telephone: Burgess Hill 85616 
AMPHENOL-BORG ELECTRONICS CORP. CHICAGO U.S.A. AMPHENOL CANADA LTD. TORONTO 9 ONTARIO 
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DOING THE IMPOSSIBLE 


Design headaches have a habit of melting away 
after you’ve consulted with Marston. For Marston 
flux-dip brazing of light alloy components makes 
the impossible possible—enables you to do the 
electronic equivalent of getting a quart into a 
pint pot. You can forget about the restrictions imposed on 
design by conventional brazing. You can forget 
about the accessibility of joints. Practically nothing’s 
too awkward or complex for flux-dip brazing, and 
not only does it give you perfect electrical joints at 
every point: you get lightness, strength, rigidity and 
smooth finish as well. If you’ve a design problem— 
whether it’s the assembly of waveguide components, 
the construction of a honeycomb chassis or something 
really complicated—consult with Marston’s experts. The 
chances are that they can help you achieve the impossible. 


MARSTON EXCELSIOR 


MARSTON EXCELSIOR LIMITED, FORDHOUSES, WOLVERHAMPTON, ENGLAND. 
(A subsidiary company of Imperial Chemical Industries Ltd.) 


MAR 262 
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British Railways select 


* PELAPONE. CONTROL and rotating plant 


Determined to enhance their proud tradition of 
safety, reliability and continuous service, 
British Railways are pressing ahead with their 


intensive modernisation programme. 


This includes the instaliation of completely new signal power supply systems 


at Manchester and Crewe. 


The choice of control equipment and rotating plant for these vital main line centres was PELAPONE— the equipment 


with the dependable high performance British Railways—and British Industry—demands. 


PELAPONE LIMITED 
PE LAPONE SALES DIVISION: 38/40 Bruton Street, London, W.I. 
WORKS: P.O. BOX 4, DERBY. 
- 
Controlled Vowor—-Contimuouk Power sw 
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lf your problem is one of controlling 
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AUTOMATIC CONTROLS LTD 








CONTROL VALVES 


Whatever the pressure, the application, or the tem- 
perature, one of the wide range of Black Control 
Valves is likely to meet your exact need—and if it 
doesn’t—if it can be made—we can make one for 
you that will. Solenoid or diaphragm operated for 
general industrial applications or the more special- 
ised requirements of the aircraft, guided missile or 
nuclear fields, Blacks may have the answer. 


PRESSURE SWITCHES 


The Black range of Pressure Switches has been de- 
signed for all kinds of pressure signalling and control 
not only for industrial applications but in the more 
specialised field of missile and nuclear research. 


CONTROL VALVES 

















HDOL/DOV 3-way valve. 
Diaphragm operated suit- 
able for use on hydrogen 
at pressures up to 
22,000 p.s.i. Size }’, 


ant 








: DPS MKII Differential 

HDO Fuel Oil Valve. ST/2/BStraight Through Pressure Switch. Stand- 
Size {°—?” B.S.P. Low in-line Valve. Air, gas or ard pattern. Range 0-30” 
pressure, minimum pres- light oil. Pressures upto w.g. 30°-10 p.s.i. Details 
sure drop. 100 7 Size }", 2° of high static and high 
B.S.P. differential models on 

request. 






















Specified by a rapidly increasing number of leading 
organisations throughout the country they are avail- 
able for an extremely wide and accurate range of 
pressures—either standard or purpose made. 

Send us your enquiry. Whatever the size, application, 
temperature or material—let us know your require- 
ments—we are almost certain to be of assistance. 


PRESSURE SWITCHES 





FS MKII Flow Switch. 
To indicate flow failure, reduction 

in flow to calibrated value or indica- 
ting delivery blockage. Standard model 
size }” B.S.P.—}?" B.S.P. Other models 
in sizes up to 14". 





BLACK 
















DPS MKIV 
Differential 
Pressure Switch. 
Stainless steel 





AUTOMATIC CONTROLS LTD 





\don, W.I. construction 
BLACK AUTOMATIC CONTROLS LTD § oan 
Leafield, Corsham, Wilts. Telephone: Hawthorn 136 Switch, Pull ndjuccatic, Power Sessions. 
ETT piston operated. nish eee 
Pressure range up to : 
+ ; ture. Medium 
10,000 p.s.1. CO,. Pressure 
300 p.s.i. Tem- 
perature 250°C. 
660 A Member of the Elliott Automation Group. 
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the fourth dimension—reliability... 


BRIMISTORS i : ] 
CAPACITORS The fourth dimension, time — invisible and intangible, 
CONTACT COOLED RECTIFIERS 
FERRITES 

GERMANIUM DIODES 
GERMANIUM PHOTOCELLS 




























but in the case of STC components, definable in terms of 


HERMETIC SEALS sustained, faultless performance —is a very definite factor 
HIGH STABILITY RESISTORS : 
MAGNETIC MATERIALS incorporated in their design and manufacture. 


QUARTZ CRYSTALS 
RECEIVING VALVES 


RELAYS Such dependability is very necessary in view of the vital 
SPECIAL VALVES ; ; 
SELENIUM RECTIFIERS functions that STC components have to perform —in 
SILICON RECTIFIERS 

SILISTORS ; pias ecole 

SUPPRESSORS equipment for communications, navigation and 
TELETUBES Re 

TRANSISTORS remote control; and it is the reason why STC components 
THERMISTORS 

TRANSFORMERS are trusted implicitly by manufacturers of electronic 


ZENER DIODES 


equipment all over the world. 


Get to know the range of STC Components — write for booklet M/103 
which lists all components and their re evant technical literature. 







Standard Telephones and C ables Limited 


Registered Office: Connaught House, Aldwych, London W.C.2. 
COMPONENTS GROUP . FOOTSCRAY : SIDCUP : KENT 


COMPONENTS 
GROUP 
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VOLTAGE 
CONTROL 


A range of A.C. Mains Voltage Stabilisers 
which incorporate electronic detector systems 
of new design. They are robust, reliable and 
very compact, 

The unit shown has a rating of 2.5 KVA, will handle input variations 
from 200-250 Volts whilst maintaining a pre-set controlled voltage 
between 220-240 Volts to an accuracy of + 0.5% 

This particular Stabiliser is suitable for bench, floor or wall mounting 
and is fitted into a steel case attractively finished in hammered 
aluminium. Dimensions are : Height 15°, Width 10°, Depth 74”. 


Expamet-Cressall resistors, rheostats and heaters form the most 





of Torovolts are the new toroidally wound comprehensive range available from a single source. Units to 
continuously variable auto-transformers. 

ctor Electrical and mechanical improvements control loads from 4 watts to over 20,000 Kilowatts are already in 
have been incorporated to give greater 
safety and reliability. Legible dials use all over the world. To widen still further the enormous 

tal ensure maximum convenience in use. 


field of applications of Expamet-Cressall products, two new designs 
have been introduced and are briefly described here. Further 


details and technical advice from our engineers is freely available. 
ents 


EXPAMET —CRESSALL 


The Electrical Division of 
The Expanded Metal Company Ltd. 





41 Si ed London Office: 16 Caxton Street, London, S.W.1. Telephone: ABBey 7766 
Works: Stranton Works, West Hartlepool. Tel: Hartlepools 5531 
The Cressall Manufacturing Company Ltd., Eclipse Works, Tower Street, Birmingham 19 


Tel: Aston Cross 2666 






KENT 
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‘ENGLISH ELECTRIC’ standardised control schemes—the result 
of control engineering experience in many industries—can be 
readily applied to particular requirements. The use of these 
basic designs keeps time and cost to a minimum, even on 


special schemes. 


CONTROL 
ENGINEERING, 





THE RANGE OF STANDARD VARIABLE SPEED D.C. DRIVES 


‘Type Z DZ (A.C. Supplies/Static Controller/D.C. oa : 
T } . 4 aI ia af ) | 
Motor), extends from } horse power to 100 horse power. These [ \ | } \ i | ; | ( K 


drives have a wide speed range and close regulation with 





inherent field failure protection and current limit protection. control gear 





For further details send for leaflet ES/203 


THe ENGLISH ELECTRIC Company LIMITED, MARCONI House, STRAND, Lonpon, W.C.2 
Control Gear Division, Kidsgrove, Stoke-on-Trent, Staffs. Telephone: Kidsgrove 2141/3 


CG.2 WORKS: STAFFORD © PRESTON + RUGBY + BRADFORD + LIVERPOOL + ACCRINGTON 
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In the Paint, Trim and Assembly 
Building recently completed at 
Dagenham, Ford created the most 
modern plant of its kind in the 
world. Pye were proud to supply 
the pH equipment which was 
specified. 


Efficient pH measurement and control is improving quality, cutting costs and reducing manhours in 
factories all over the world. In highly specialised industries, which often rely on traditional process 
methods, chemists and engineers have realised that their problems too can be simplified by pH control. 
At Pye, an Applications Department exists solely to help customers with their instrumentation problems. 
This Department can advise on the suitability of pH Measurement and can specify or, if necessary, 
engineer complete pH control methods. You are invited to make full use of this new service to industry. 


Please write for pH Application Sheets and leaflets describing Industrial pH Equipment. 


W. G. PYE & CO. LTD. 


SCIENTIFIC( (AinstRUMENTS GRANTA WORKS, P.0. BOX 60, CAMBRIDGE, ENGLAND 


Tel: Cambridge 54411 Grams: Pye, Cambridge 
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“SLAB” TYPE SYNCHROS 


SIZES 15 AND 23 


Examples of the Sperry range 























Voltage 
Code Reference | oe | | Rotor Stator | Frequency Function 
SISRS4SL | 15 | 0-20 | 0-20| 400c/s |Resolver 

| S23RS4SL | 3B | 0-60 | 0-60 | 400 c/s | Resolver | 

| $23CX4SL 23 115 | 15 | 400 c/s | Control Transmitter 

| S23CT4SL 23 1-4v/deg | 15 | 400 c/s_ | Control Transformer 

| sacoxst | $23CDX4SL | 23 15 | 15 | 400 c/s | Control Differential Transmitter 
SPERRY 
GYROSCOPE COMPANY LIMITED 
INDUSTRIAL DIVISION 
Great West Road, Brentford, Middlesex 
Telephone: ISLeworth 1241. Telex 23800 
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UNITIZED NUCLEONIC RANGE 


The plan behind this Type 200 equipment is to offer you a Unitized 
Range (already 24 units and still increasing) not only to cover every 
type of nucleonic counting, but one that can be added to at will, so that 
you get only what you want, when you want. 


@ Suitable for all types of nucieonic detectors. 


®@ Built to a stringent specification. 
@ Designed in conjunction with A.E.R.E. Harwell. 


@ Flexible in use—a unit for every purpose. 


Enquiries should be addressed to:— 


INSTRUMENT DIVISION 


HIGH CHURCH STREET - NEW BASFORD - NOTTINGHAM ERICSSON 


ERICSSON TELEPHONES LIMITED - HEAD OFFICE - 22 LINCOLN’S INN FIELDS LONDON W.C.2 
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in Level Control 


with the now 
famous 
capacitance 
method 


The principle of electrical capacity is em- 
ployed to detect the approach of any 
substance to (or recession from) the probe. 
The consequent change in capacitance is 
made to actuate a relay in the Fielden 
Tektor which can switch in an audible or 
visible alarm for high level and/or low 
level control of liquids or solids. Alterna- 
tively, it can control in a container the 
material at a predetermined level. 

Since operation does not rely on contact 
with the substance the probe can be 


Easily installed and simply 
maintained. 


No moving parts in or on 
the container. 


Electronic unit can be up to 
150 feet from the container. 


Multiple Tektor units can be 
supplied in one control panel 
for centralised level control 
where a number of control 
points exist, thus saving 
considerably in installation 
costs. 


Simplicity of design and 
printed circuits ensure 
exceptional reliability. A 
wide range of probes for use 
with all materials — ranging 
from fine powders to 
run-of-the-mine coal, acids 
to bases, conductors to 
insulators — at varying 


i z 2 temperatures and pressures. 
covered with anti-corrosive and heat- 


resistant insulation if required. 


12 


years experience 


is behind every Fielden level controller and 
indicator — backed by first grade Application, 
Commissioning and Servicing Facilities. 


Over 100,000 Tektors and Telstors in operation 


throughout the world. 
ES) 
joleotaia 


Illustration above shows 
a hopper at G. & T, 
Earle Ltd., Fielden high 
and low level Tektors are 
fitted to provide efficient 
packaging of cement by 
preventing overflow or. 
running empty. 


Tearon 


TEKTORS 
can be up to 
150 feet away 


TELSTOR 
Continuous 
Level 
indicator 
for 
Liquids 
or Solids 


TYPICAL APPLICATION CENTRALISED LEVEL CONTROL 


CONTINUOUS LEVEL INDICATION 


WRITE FOR LEAFLET GL1/C 


FIELDEN ELECTRONICS LTD - WYTHENSHAWE - 
ALSO AUSTRALIA, ITALY AND CANADA 
Agents throughout the world 

TT4 


50 


MANCHESTER Phone: Wythenshawe 325! (4 lines) Grams: Humidity Manchester 
Branch Offices: LONDON, WALSALL, STOCKTON-ON-TEES, EDINBURGH (A. R. BOLTON LTD), 


AND DUBLIN. 
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Thousands of firms 
have already proved that the 


TRANSITRO 


COMBINES MAXIMUM RELIABILITY 
WITH LONG-LIFE SERVICE 





Regd. 
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ol 
* 
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TYPE 990: Two-position (on/off) Controller % 8: a aes pater 

fe TYPE 991: Anticipatory Controller Sin ce 19 when Ether Lid. invented 
, TYPE 992: Proportioning (stepless) Controller the tr iil a 5 haan : 

TYPE 993: Three-position Controller thousan ds ‘ , 
[ TYPE 994: Programme Controller sania ~ . t 

TYPE 995: Proportioning (plus reset) Controller 

oe 

from oD Ss 
| DELIVERED 
SLI/C ] ENQUIRIES, SALES & SERVICE: 
ees | 2 —s Tyburn Road, Erdington, Birmingham, 24 
ndicating East 0276-8 
Recording 
“ontrol Caxton Way, Stevenage, Herts. | 

Stevenage 2110-7 

1960 


Representatives throughout the U.K. 
Agents in all principal countries 


* P.E Rorelahaarel 


ene 


There isn’t a production plant 
anywhere that couldn’t be 


made (or hasn’t been made) 


Photo-electric relay type Q.56 

Uses include:—on-off switching; automatic ffi ;, . 

See ice on on emuching: automatic ~~ more efficient, more economical 
control; process control; height gauge; limit 

switch; loop control; warning device; paper 


breakage indicators; alarms, etc. etc. by the use of 
Radiovisor Photo-electric 


and Electronic Controls 


* P.E. is photo-electric 


“Motoload” relay It costs nothing to consult us— 

Many factors can be measured or guarded 

against by keeping a check on the current of We have over thirty years’ experience 
a driving motor. The Relay senses the torque 

of a driving motor and responding imme- 

diately to load variations, switches off the 

motor, indicates the variations or performs 

some other desired operation. 


ES 


MAKERS OF ‘THE MOST COMPREHENSIVE RANGE 
OF PHOTO-ELECTRIC CONTROLS IN THE WORLD 


Standard photo-electric equipment include :— 

Flamestat Flame Failure Control « Smoke Detector Fire Alarm 

Sequence Control « Counting and Batching Unit « Invisible Ray 

Burglar Alarm « Turbidity Equipment « Hopper and Bunker Level 
Counting and batching Control « Print Registration « Photo-electric Safety Guard « Factory 
a oe _enereasptid cone Lighting Control « Automatic Radiation Pyrostat « Automatic 


ceeding articles after a chosen number has 
passed through the light beam. Door Opening « Industrial Smoke Density Indicator and Alarm 


RADIOVISOR PARENT LIMITED, Stanhope Works, High Path, London, S.W.19 
Telephone: CHErrywood 3351 Telegrams: Radivisor, London, S.W.19 
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a new approach to 


oxygen analyser design 


GIVES FASTER RESPONSE, SAFER AND 
EASIER OPERATION, GREATER RELIABILITY 
AND ACCURACY, WIDE RANGE—FLEXIBILITY 
EXTREME RUGGEDNESS— 


An all-British analyser designed specifically 
for arduous chemical plant service. 
Faraday’s direct method for measuring mag- 
netic susceptibility has been modernised to 
give a rapid and specific measurement free 
from the technical snags of the magnetic wind 
principle. The delicate suspension is replaced 
by rare metal, providing a virtually unbreak- 
able measuring system. The analyser is ideal 
for boiler control and chemical process use. 


* F.S.D. 1°, to 100°, in six ranges 


* Rapid response—95°., response to input step- 


change achieved in 8 seconds with maximum 
sample flow-rate 


Metal dumb-bell suspension proved against 
shocks of 2,000 g 


Unaffected by viscosity, thermal conductivity 
and density, and insensitive to tilting and 
changes in sample flow rate 


Proved by years of plant use 


Full details and expert technical advice from 


SERVOMEX CONTROLS LIMITED 
(Chemical Instruments Division) 
CROWBOROUGH SUSSEX 
Telephone Crowborough 1247 


DCL BSy Sa av ZO)\' 8 pe, @ Oxygen Analyser type 83 
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GENERAL 
PRECISION 
SYSTEMS 
LIMITED 


Are pleased 
to announce 





The conclusion of an agreement to sell and manufacture 
computing equipment designed by the well-known Swiss firm 


of Gittinger. 


Now available is a fully 
transistorised statistical 
computer for determin- 
ing directly Mean Value 
and Standard Deviation 
of up to 600 pieces in 10 















Statistic 
computer £365* classes. 

















Also available is a 12-amplifier compact, desk 
size, analogue computer for solution of linear 
differential equations. Six of the amplifiers may 
be used as integrators. Sixteen coefficient 
potentiometers are provided for parameter 
setting. The computer may be used in single- 
shot or repetitive 


mode. 






* Discount is allowable to educa- AR2 computer 


tional establishments approved a 
by the Ministry of Education. £1100 


GENERAL PRECISION SYSTEMS LTD. 


RAG ey Tt a BUCKINGHAMSHIRE 


respury 46il 7 
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When so much depends upon 
accurate voltage control... 


AL communications as well as industrial pro- 
cessing equipment frequently depend upon 
accurate control of the voltages which activate sen- 
sing, signalling and motivating devices. Variations 
due to load changes or supply fluctuations may 
seriously distort indicated values. 
Foster voltage regulating equipment automatically 
detects and compensates for changes, so that installa- 
tion performance is unaffected by variations in supply 


Electronic Constant Voltage 
Transformer for Airfie 
Direction Finding Equipment. 


voltage and frequency, load and load power factor. 
Foster Transformers Limited are transformer, test 
and voltage regulation specialists to the world’s elec- 
trical industries. Foster equipment — the widest and 
most varied available —is supplied through Branches 
and Agents in 36 countries. 


s Cini Me Mee! ntwrs oon FOSTER TRANSFORMERS 


FOSTER TRANSFORMERS LIMITED, SOUTH WIMBLEDON, 8.W.19 
TELEPHONE: LIBERTY 2211. TELEGRAMS AND CABLES: FOSTRANS, LONDON, TELEX 
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TELESIG Screw Pumps are positive 
displacement pumps. Simply constructed, 

they offer exceptional performance and long life. 
TELESIG pumps effect delivery by means 

of three parallel screws engaging each other, 
the power-driven central screw driving 

the two side screws. They may be run at high 
speed thereby reducing motor sizes 

and installation costs. 


Wir 


TELESIG Screw Pumps offer the following advantages: 


Self priming. 

Delivery free from pressure pulsation. 
High working speed — small size. 
Near-silent operation. 

Simple construction. 


Minimum maintenance and easy replacement 
of working parts. 


Long life. 


TELESIG Screw Pumps are made in three basic ranges: for low 
pressures up to 300 psi, for medium pressure up to 1000 psi and for 
high pressures up to 2,500 psi. 42 sizes are available covering a 
wide range of capacities. 


Sit) Screw Pumps by Telehoist 


TELESIG pumps and equipment are made by Telehoist under licence 
from the Swiss Industrial Company (SIG). 


Telehoist Limited. Cheltenham England. Telephone: Cheltenham 53254 
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ore ($ . Icv. stabilized 


4 d.c. Supply at 4 amps 


=... 


How to obtain high current 
constant voltage D.C. supplies? 


You could use cumbersome batteries, with their need 
for constant attention, but it is far simpler and certainly 
more reliable to use one of the new ‘Advance’ Constant Voltage . 
D.C. Supply Units. This latest development in the application of ~ 

Constant Voltage Transformers can be used to provide various d.c. ios 
supplies up to quite high current levels, as used in computers and data 
processing equipment. We shall be pleased to arrange for one of our technical 
representatives to call and discuss your requirements. 


These new D.C. Supply Units... . 


® Provide HIGH CURRENT OUTPUT AT LOW COST 

® Are SMALL IN SIZE AND WEIGHT FOR VA OUTPUT 

® Have HIGH ENERGY RESERVOIR, thus are suitable for 
pulse, intermittent or variable loads 

®@ Operate with HIGH EFFICIENCY 





BSSESERS 


low 
d for 
ng a 





D.C. POWER SUPPLIES x 


STAND No. 


B2025/6/D 
dvante COMPONENTS LIMITED 


een MAINS STABILIZATION DIVISION [| 
ROEBUCK ROAD * HAINAULT « ILFORD + ESSEX * TELEPHONE : HAINAULT 4444 


Full technical details available in leaflet GB./0! 






7. T/.0 77 
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Poy twee Ca Ce 


Potentiometer Recording Gontrollers, SERIES 20 





TYPE 2000 with on/off control 


TYPE 2001 with Anticipatory control 
(1% band width) 


PHENOLIC 
MOULDED DOOR 


CONTROL 
POINTER 


PEN-CARRIAGE 
RAIL 


COMPLETE UNIT 

MOUNTED TO SLIDE OUT CONTROL UNIT 
AS ONE 

-for ease of service the amplifier is a plug-in unit. 


ETHER ‘XACTROL’ Potentiometer Recording Controllers are high-quality 
instruments, of the very latest design, for accurately controlling and 
measuring temperatures of — 200°C up to +2,000°C. They are equally 
suitable for measuring variables such as speed, strain, pressure and hydrogen- 


ion concentration, as well as any other quantity that can be expressed as 
an electrical signal. 
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Bee Re OF DESIGN * EASIER RANGE CHANG! 








) We ee Sr 


yATe Ta ae * Unique 
FEATURES * 6 
AI INCLUDE! * Patent 


calibrated 


Zero-load & Zero-differential 
em Taare 


Ink Cartridge ~* 


control system 


scale panel cut-out 10; + 


Front control-point setting 


CABLE 

CONNECTIONS 
POSITIONED FOR 
WALL- MOUNTING OR 
PANEL-MOUNTING 


ALL-STEEL WELDED CASE 


UNIQUE ZERO-LOAD 
& DIFFERENTIAL 
CONTROL SYSTEM 


LINEAR SLIDE-WIRE 
HAVING 1.000 CONVOLUTIONS 


(Patent applied for) 


SPECIALLY DESIGNED 


INK CARTRIDGE 


PEN 
CARRIAGE 


CHART 
TEAR-OFF STRIP 


CONTROL 
SETTING KNOB 


ial ee, ( 


CHART 


CHART 
WIND-ON 


BALANCING- MOTOR 
WITH PRECISION 


GEARBOX 


SYNCHRONOUS 
CONVERTER 


AMPLIFIER 
GAIN CONTROL 
CALIBRATION 
ADJUSTMENT 


PLUG-IN PRINTED-CIRCUIT 


RANGE-CHANGE UNIT 


An exclusive feature of the ETHER ‘ XACTROL’ 
is the unique ZERO-LOAD-& ZERO-DIFFERENTIAL CONTROL SYSTEM 


—which totally eliminates the 

use of mechanically-operated 

linkages and snap-action switches 
@ ZERO-LOAD even at control point 


@ ZERO-DIFFERENTIAL 


@ WIPING-ACTION, continuously- 
cleaning contacts 


@ ADJUSTABLE OVER FULL SPAN 


from £125-0-0 


(tT 





(paces. applied for) 


aa) 
A iY 
ad 
AL 


Please supply, without obligation, full details of the 
ETHER ‘ XACTROL.’ 


TYBURN ROAD BIRMINGHAM, 24 (East 0276-8) 
CAXTON WAY, STEVENAGE, HERTS (Stevenage 2110-7) 


REPRESENTATIVES THROUGHOUT THE U.K. 
AGENTS IN ALL PRINCIPAL COUNTRIES 





REATER ACCESSIBILITY * EASIER SERVICING & INSPECTION 


Seen aoe 


— —— 4 2d ~»> sh& FF 2.41 ao 


RRA a 

























—> - TYPE HA2500 


Saimin 
AS REQUIRED 


sy dia. 


eee 





HIGH LAW ACCURACY 


without cam correction 


In this new continuous rotation type HA 2500 
Potentiometer intensive research has made possible 
high accuracy with much improved mechanical 
stability. A precision machined light alloy body, an 
accurately ground ball-bearing mounted spindle — 
a patented design that eliminates cam correction, 
combine to give the following advantages :— 















This illustration 
is actual size 


@ LOWER TORQUE @ LONGER LIFE 
@ REDUCED WEAR @ LOWER COST 





SA. 8.8 F 





oF e-S. 8? 





oak Oo & 





Resistance range 100 to 100,000 ohms. 
aie ae 2 Law Accuracy (Absolute) 5 + 0.25% or + 0.10% 


(Independent law accuracy to closer limits) 
. « « @Nd ANOTHER ADDITION TO THE Sibi taletiiadiieen vm 
COMPREHENSIVE RELIANCE RANGE ae 


Maximum Ganged Sections secdenaid Four. 
The TYPE W3 (3 WATT) 


Maximum Tappings ‘ a Nine. 
This model conforms with specification DEF-5I2! style 
RVW 7 & 8 (formerly RAC.RAD) and is a fully sealed unit : : E : : , 
with integrally constructed moulded cover. Also available Full technical details and dimensional drawings in 


led : 
i estar Data Sheet No. 100 available on request. 
Full technical details 


in Data Sheet 
No. 9 




















If our standard types do not meet your particular 
requirements, our research and development engineers 
are at your service. 







This illustration 
is actual size 







RELIANCE MANUFACTURING CO. (soutHwark) LTD. 
SUTHERLAND ROAD* HIGHAM HILL’WALTHAMSTOW’ LONDON ° E.17. 
Telephone No. (and for Cables) LARkswood 1118/9 


a aeeeeeeummmmmmnmnneenieeneeenl 
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00 


y 0) UJ -+ «that ‘Datapacs’ are a range of transistorised logical 


elements from which control systems can 


be built up for all forms of 
Telemetry 
Data Handling and 


Data Logging 


--. that these systems can be extended or modified 
to meet requirements 


.-. that easy maintenance, minimum equipment and 


reliability are inherent features provided 
by these units 


ENGLISH ELECTRIC 


The ENGLISH ELECTRIC Company Ltd., data processing 


Marconi House, Strand, London, W.C.2 


Data Processing and Control Systems Division, 
Kidsgrove, Stoke-on-Trent, Staffs. 
EDC, 27 Telephone: Kidsgrove 2141/3 
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VOLSTAT is the one simple word you need 
to remember when you are up against any mains 
voltage fluctuation problem. 


VOLSTAT stands for a range of Constant Voltage 
Transformers produced by ‘Advance’— the leading 
authority on voltage stabilization. 


VOLSTAT is backed by exclusive design, 

development and manufacturing skills which 
i AMA over many years have so often provided 

the only solution to mains voltage 

stabilization problems. 


STAND No. 
B/2025/6/D Full details in Folder GM available on request. 


dvance COMPONENTS LIMITED 


ee MAINS STABILIZATION DIVISION 
IT/G.D.82 


—" ROEBUCK ROAD - HAINAULT - ILFORD « ESSEX * HAINAULT 4444 
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Trihe AiISO 


—-HEAWYVY DUTY MULTI-CIRCUIT 
A.C. SWITCH 150 amperes 
at 650 volts on each 


moving contact This is a slow-make-and-break On-Load 
switch but is, of course, equally suitable for Off-Load duties. Its design is 
essentially similar to that of the other Austinlite rotaries. The moving contacts 
are rollers bridging pairs of fixed contacts. For on-load switching the rollers 

are Elkonite. The fixed contacts have silver contact faces 4” thick. 

For off-load duties the switch is rated at 300 amp. per moving 

contact and the rollers are of silver plated copper. 


a 


The indexing mechanism follows the recognised 


Y 


Austinlite pattern and thus ensures 


a long life of continuous service. 


Tua 


\ 


WW 


* Contacts are open to immediate visual inspection and the switching 
sequence can be seen at a glance. 


* Each group of fixed contacts is mounted on a common bar which can be 
removed for cleaning or for replacing contacts. 


* An A50, A30 or an Al5 switch can be mounted in tandem for switching 
cuxtiiied einmine. ROTARY SWITCHES 


* Fixed contacts can be mounted anywhere on the bar so that creep . 
distances can be increased and high voltage switching made possible. Custom Built by 
STONE-CHANCE LTD. 


A quick-make-and-break D.C. version of this switch, identical except for (Makers of Sumo Pumps and 
the indexing mechanism, will be available shortly. Stone-Chance Lighthouses). Crawley, Susser. 


* Mechanical interlocking can be provided. 
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DELICATE CARGOES 


Ea NUIT 


travel better with 


eared Riot t0 RNR te 


Modern electronic equipment is too delicate to face even normal travel hazards. Unless it is scientifically packed and 


cushioned many thousands of pounds worth of work and effort can be rendered useless. 


The Hairlok Laboratories have every facility for studying, planning, designing, testing and constructing every form of 


special packaging using Hairlok as a basic cushioning material specially moulded to firmly hold and protect your product, 


Hairlok is the finest rubberised hair, and is the most suitable material for electronic packaging purposes. It can 


be moulded in any density to meet the most stringent specifications and can be combined with individually constructed 
outers to withstand the rigours of all forms of handling and transit. 


SINGLE COMPONENT... 


Simple HAIRLOK 
cushioning for an 
expensive item of 
equipment with its 

tailor-made box. 


TO COMPLETE COMPUTOR 


Complicated data-processing 
equipment like this National 
Elliott System has been successfully 
packed with HAIRLOK for 
transportation to the other side 

of the world. 


THE ECONOMICAL ATLAS SYSTEM... 
. . . consists of a range of standard modules 

or units which can be combined in many 

simple ways to protect a variety of shapes and 

sizes. Some of the modules and the shapes 

that can be accommodated are shown here. 3 


For literature and further details, write or phone : 


THE (eRe COMPANY LTD. Magna Works, Kathie Road, Bedford. Tel. Bedford 4271 
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KEEPING AN 
EYE ON THINGS WITH 
LAMP ANNUNCIATORS 


There is a range of Firth Cleveland lamp annunciators 
to keep an eye on things for you. These are designed for alarm and 
advisory functions wherever visual signals are required. Where you need the additional 
protection of an audible signal, we can arrange a bell, hooter or siren to be 


connected in parallel. A muting switch allows you to silence the signal once your attention 


has been attracted, and when conditions return to normal there is an automatic reminder for you 


to reset it. We have designed the case so that you can mount it to suit yourself—semi-flush 
or projecting from the panel. You can use these annunciators in conjunction with the Firth 
Cleveland capsule operated pressure switches for liquid level alarm indication. 


Single switch units are available for high or low alarm, and 


double switch units where dual protection is required, 


The range of Firth Cleveland industrial instruments also 
includes Hydrostatic tank contents gauges and pressure 
relief valves all of which are complementary to each other. 


We shall be happy to send you full details. 


FIRTH GLEVELAND INSTRUMENTS LTD 


Stornoway House, Cleveland Row, London, §.W.1. Telephone WHitehall 2166 Setie ty tained 


WRANCHES: BIRMINGHAM + MANCHESTER - GLASGOW - STOCKHOLM - COPENHAGEN - BALLARAT - SYDNEY - JOHANNESBURG - NAARDEN - MILAN ~ NEW YORK + BRUSSELS - MANNHEIM 


A MEMBER OF THE FIRTH CLEVELAND GROUP (FO) 
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* Infinitely Variable Finger- 


tip Speed Control 
20 h.p. Varimag Drive installed 


% Standard Speed Range on a proofing machine 
20-1 or up to 150-1 for 


Special Applications * Single or multi-motor drives 


% Manual or automatic, 
local or remote control 


of speed 


% Any Type of Motor oe No valves—no warming up 
Enclosure time 


* No external starting equip- 
ment required 


Write for technical leaflet NV390 


LANCASHIRE DYNAMO NEVELIN LTD 


(RECTIFIER DIVISION) 
HURST GREEN - OXTED - SURREY - Telephone: OXTED 336! - Telegrams: NEVELIN OXTED 


A Member of the Metal Industries Group of Companies NRI6 


Circle No 65 on reply card for further details CONTROL September 1960 





WIRING & CONNECTORS DIVISION 
THE PLESSEY COMPANY LIMITED - CHENEY MANOR - SWINDON - WILTS 


Plessey | wesc: summon 


Overseas Sales Organisation: Plessey International Limited - Ilford - Essex - Tel: liford 3040 


Bown 
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TEMPERATURE RANGE 
OF ELECTRICAL TAPES 


a Afew of many applications: 
Polyester with Coil finishing prior to 
Thermo Setting | 180°C | -50°C impregnation. General in- 
Adhesive sulating. Holding coils. 
Thermostat insulation. 
Polyester with Coils subject to cyclic tem- 
Silicone 140°C |-50°C perature changes. Any high 
Adhesive temperature insulation 
work, i.e. in the Radio and 

TV Computer field. 


Nos. 4and5 Medium Temperature 
work where high degree 
Polythene 100°C |-10°C) of conformability to sur- 
Electrical face is required. As no | A few of many applix 
lasticisers are present | Cations: Finishing 
this film, brittleness bar in 
due to plasticiser migra- 


tion cann . 
Sellomation caiteibiicae Cable bundling 


008” PVC 0 Plasticised. Non-high General insulation 
is pROUSTRY se’c | oc temperature work. 


Good 
surface conformability. 


A few of many applications: All 
Vinyl 1g | Ge where lich deoronet | mubaten Grenensmelen al" ons 

s o r where egree 0! 8 on. er-wrapping 0! 
No.12Viny 50°C | O°C | Siectrioal resistance not | Suite Finishing at eee Howling 


required. ove speaqnetes paper through- 
All tapes in the electrical range are highly resistant 
to acids, alkalis, water and corrosive chemicals. In 
many cases their flexibility is extremely good at low 
temperatures and they will retain their insulation 
resistance in severe climatic conditions. 


dle 
i=l. 
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PLASTICS 


The liners of modern refrigerators are moulded 
complete in one operation in high impact poly- 
styrene. The injection moulding machines used in 
these operations are, it is claimed, the biggest built 
in the United Kingdom, and employ Vickers- 
Armstrongs “VSG” variable delivery pumps. 
Developments in the Plastics Industry continue at 
an ever increasing tempo, with new methods and 
machinery continuously being evolved to improve 
manufacturing standards and to increase the scope 
of moulding techniques. The use of these pumps 
in this highly specialised industry is a further 
example of the many and varied applications of 
“VSG” equipment which have been serving Moulded for Frigidaire by Ekco 
modern industry for over fifty years. Se oe we eeene BPors 


SERVING MODERN INDUSTRY 


VICKERS ARMSTRONGS (ENGINEERS) LTD VICKERS HOUSE BROADWAY LONDON SW! 
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RECO TRADE MARK 


ys 


to get 
around 


No petrol engines, no electricity, no way of machining metal 

to fine limits — our ancestors had to depend on wood, muscle-power 
and ingenuity to make this forerunner of the motor scooter. 

A fair solution, considering their limited resources. 


To-day when the problems are so much more complicated, 

the solution is often much simpler —contact ‘Varley’. 

If your problem is automatic, remote or push button 

control; the answer proved many times in many fields is, a ‘ Varley’ Solenoid, 


solenoids 


The New E Range 

(illustrated), 

has been designed 

to give greater power, 
quieter hold for smaller size, 


For full details of Varley Solenoids, write for Illustrated Catalogue T.1/3 


OLIVER PELL CONTROL LTD 


Cambridge Row, Burrage Road, Woolwich S.E.18 
Tel: Woolwich 1422 (5 Lines). Telegrams: Olipel, London S.E.18 
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and 
change-over 


to 
MAGNETIC DEVICES RELAYS 


* Wide range 


Magnetic Devices specialise in the * Keen prices 
production of many types of relay. The K Speedy delivery 


standard range includes enclosed, 
hermetically sealed, miniature, sub- 
miniature, plug-in, screw terminal and 
transistorised types; for A.C. and 

D.C. operation. 


olenoid. 


Special relays for prototype equipment 
can be supplied — consult our design 
engineers. 


Series 590/596 
Enclosed Relay 


MAGNETIC DEVICES LTD 


NEWMARKET - ENGLAND 
Tel : Newmarket 3181 (5 lines) Grams: Magnetic Newmarket 


D & ARB APPROVED 
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ONE OF OUR 
BIGGEST JOBS 1S 
To GET PEOPLE TO REAL'SE 
THAT WE DONT JUST 
MAKE THE WORLDS #INEST 
T/V AND RADIO SETS 
(WELL We CANT MELPIT 
IF THA 
HEY CALL THEM) 


WEALSO TVRN \ 
OUT A LOT OF REALLY 
OUTSTANDING INDUSTRIAL 


CONTROL PRODUCTS 
LiKE = 


— THIS FREQUENCY 
10 ANALOGUE CONVERTER 
MRC 2061 


—AND THIS 
TRIP AMPLIFIER 


MRC2001 — AND THIS BELT 


WEIGHER INTEGKATING 
METER. 


germ 


f COME 70 THINK OF 
4 T WEVE BEEN MAKING 
SPECIALISED ELECTRONIC 


ND DOING IT 89 WELLAND 


DEVICES SINCE 1939 
{ Avel NG SomuCH OF IT THAT 


WE GET JUST A BIT HURT 
\ WHEN PEOPLE SAY-‘AH. 
MURPHY,- OF COURSE,— 
WORLDS FINEST T/V 4 
AND RADIO SETS! 


ee 


MURPHY RADIO LIMITED 
ELECTRONICS DIVISION 
WELWYN GARDEN CITY, HERTS. 
Telephone: Welwyn Garden 3434 
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VERY ROBUST. Sealed 6” diameter in- 
strument, with measuring bulb in \ 
diameter stainless steel sheath. 


LOW COST. A practical and economic re- 
placement for filled systems and moving coil 
instruments — send for price list. 


TRANSISTORISED. Exceptional reliability 
with a printed circuit and robust motor 
driven indicating pointer. 12 volt battery or 
mains supply. 


EASILY FITTED. Simple clamp mounting 
with robust terminals. No fragile capillary 
tubes or expensive compensating cable — 
simple wiring only required. 


ACCURATE AND RAPID RESPONSE. 
Reproductibility better than 0°25% on 13° 
scale, response time 1 second. 


73 TEMPERATURE RANGES in ‘F and °c 
for temperatures up to 850°C. 


% UP TO 300 FT. SIMPLE WIRING 


REMOTE INDICATION. | 
The Indicator can be up to 300 feet away from the mea- 
suring point with no effect on calibration and accuracy. 


British and Foreign 
patents pending 


LL 


TEMPERATURE 


LAY x 


ALSO... 


“BIKINI” CONTROLLER 

Differential 0°5°C. Includes similar 
features to the Bikini Indicator. 
Send for specification sheet BIK.1 
and price list. 


“BIKINI” INDICATOR /CONTROLLER 

The Indicator can be supplied with an 
adjustable control contact 

for use with local or remote alarm 

or control relay. 


Send for Specification Sheet BIK 2/C and Price List. 


FELDEN ELECTRONICS LTD - WYTHENSHAWE - MANCHESTER Phone: Wythenshawe 325! (4 lines) Grams: Humidity Manchester Indicating 
“ALSO AUSTRALIA, ITALY AND CANADA 


Branch Offices: LONDON, WALSALL, STOCKTON-ON-TEES, EDINBURGH (A. R. BOLTON LTD) Recording 
Agents throughout the world AND DUBLIN. Control 
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RATING 500 VA 


Portable bench unit housed in 
a cabinet. Ample chassis space 
facilitates easy conversion to 
non-standard |15V. (nom.) out- 
put, thus making it suitable for 
use with American equipment. 
Response time 0-1 sec. 


Model LT-500-2S 


J Ty ae 


RATING 1000 VA 


A fast response regulator suitable for laboratory or 
industrial use. In 19” rack mounting form it has 
been installed in equipment for export to areas 
where frequency, voltage, climate and load varia- 
tions necessitate the best all-round type ofregulator. 
Response time 0-1 sec. 


GENERAL SPECIFICATION (all models) 


Input Voltage: ... ... ... «+.  190V.—260V. A.C. a ee ee ee Pre-set for 50 c/s 

Output Voitage: ey 220V.— 240V. A.C. (adjustable) Regulation satisfactory for + 10% change in frequency 

Output Regulation: -~ 0-1% for changes in input voltage Distortion not greater than 5% for frequency changes of 
(r.m.s. values) + 0-1°%% for changes in load current +2¢/s 


Distortion: ... ... ... ... 3% under normal conditions Temperature compensated 
Tropicalised versions are available to special order. 


Power Factor Range: ++. 0-9 leading to 0-7 lagging 
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RATING 5000 VA 


The control and power units are each 
mounted on identical standard 19” front 
panels. This model is ideally suited for 
applications demanding exceptional volt- 
age accuracy at load currents of up to 
22 amps. 

ae Sree The venhaside time of 0-3 sec. is negligible 
compared with motor control regula- 
tion systems. 


RATING 10000 VA 


This is the largest regulator to be 
housed in a single bay Datum 
rack, and is suitable for use with 
high-power oscillator and relay 
systems, lamp life-testing gear 
and crystal ageing equipment. 
Response time 0-3 sec. 


from the Power Supplies Division of 


J. LANGHAM THOMPSON LTD 


BUSHEY HEATH - HERTFORDSHIRE - ENGLAND 
Telephone: BUShey Heath 2411 (6 lines) Grams & Cables: ‘Tommy Watford’ 
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These units have been designed to control A.C. power loads and find many applica- 
tions in the controlling of power to furnace elements, incandescent lamps, rectifier 
equipments, etc. Being robustly constructed and containing no moving parts, they 
require no maintenance during the course of their almost indefinite life. In opera- 


tion, the heat they generate is negligible and consequently they may be fitted into 


cubicles of smaller dimensions than would be acceptable for equivalent types of 
control. The standard range is comprised of models rated at | KVA, 3 KVA, 5 
KVA, 8 KVA and 10 KVA and designs for other powers can be readily made 
available. 


f ; 


PARMEKO LIMITED - PERCY ROAD -: LEICESTER 
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Here is the OC35—a new power transistor which supersedes 
the OC16 as a standard type for general use in industry. 





The OC35 is inexpensive and has a maximum current rating 
twice that of the OC16. It is well suited for use in a wide variety of industrial low frequency 
amplification and electro-mechanical applications, and in particular those equipments 
which are operated from a 12 volt supply. 

With this new transistor, current gain is high and is well maintained up to high 
current levels—even at 6 amps the minimum large signal current gain is 20. The metal 
envelope is of the new standard power construction which saves space and provides 
efficient heat conduction to chassis or heat sink. The resulting low thermal resistance, 
together with the unusually high continuous junction temperature rating of 90°C for a 
germanium device, allows a maximum dissipation of 10 watts at a mounting base tem- 
perature of 75°C. 

The data sheet on the OC35 gives detailed information to ensure satisfactory 
operation of the transistor in-as many industrial circuits as possible. So if you are 
looking for a general purpose power transistor for new equipment design, save yourself 
time by posting the coupon below. 





ica- NMG ction is piacincasiadcnas cuicccvdeienebbonsd dambasuadasasiaiebieas -60V 
fier Wap NS PR a ceccccescecdiccauiaticcsucccccacthacetecueueneeutes -48V 
Abridged data a NE i IE ccissouatchini cha dicintimincchbipepeanaiide eedtiieed -32V 
hey er nein a GIES cs citcxindsteas susensenesaeescnnssnssessnseess esssssseensenseees 6.0A 
ra- Power Transistor Ptot Max. (at mounting base temperature WE We Pecskccstncnases 30W 
eS Tj max. (continuous operation)...................cccceeeeeeeees 90°C 
nto | Mullard | oc3s T; max. (intermittent operation 200 hours max.)............ 100°C 
J YA a a a i Sa as i 25 to 75 
Br a ia sits lind nieoecepiishidnihataaiideandbeimnad niches 
ie 
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Please send me full data for Power Transistor OC35 
Semiconductor Division 


MULLARD LIMITED 
MULLARD HOUSE 
TORRINGTON PLACE 
LONDON - W.C.1 

Tel: Langham 6633 
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of the most experienced companies 


in the world have joined resources to found 


ASSOCIATED TRANSISTORS Ltd. 


a company devoted to making the world’s 


finest range of semiconductor devices 


OU E Veo) ie a ae 
and to apply the unique fund of knowledge 


Ui ee 


accumulated by these three organizations 


Ericsson Telephones Ltd. 


the Symbol of Reliability 


ASSOCIATED TRANSISTORS LTD ~- Stonefiela Way * South Ruislip * Middieses 
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Community and establishment 


UST OVER A YEAR AGO, in Control for Septem- 
ber 1959,* Christopher Rivington wrote his 
last leader before moving on from the Editor- 

ship of this journal. He chose as his subject what 

he called the ‘society tangle’, the ‘ plethora of 
professional bodies’ that claim the attention of 
the young control engineer, and stated the reasons 
that justify the existence of professional societies 
generally. He then inferred that a professional 
society is necessary for control engineers, and 
proceeded to examine how the need might be met. 

Now, more than a twelvemonth later, one can 

read that leader again and find it as fresh and 

topical as when it was written. This is a sad com- 
mentary on the somnolence that still snores on in 
certain places. 

David Foster, contributing to our July issue,t 
rightly felt it important to point out again that 
automation is a horizontal technology, with the 
same significance as mechanical, electrical, chemi- 
cal and communications engineering. Putting 
four arguments, all showing that proper represen- 
tation for control engineers is a crying need, he 
tilted at the complacency that is holding back 
automation in this country. 

In Control last month,t J. H. Westcott told us 
how seriously the subject of automatic control is 
taken by Americans and Russians. In Britain, he 
remarked, people ‘still seem sometimes to be a 
little bit in doubt about it’. In other words, 
responsible men in this country are slow in recog- 
nizing and taking up the art. 

The three personal viewpoints that we have just 
quoted are, we believe, typical of the present 
sense of informed opinion. This opinion is not 
often expressed very loudly, because control en- 
gineers are always busy and often diffident. But 
let the fact be faced, we live in a world of pressure 
groups. There is a danger that unless control 
engineers combine to make their professional 
presence felt, neither Government nor Management 
will be moved to notice their case, let alone the 
importance of their existence as a group. From 
what we have heard, it is nearly always an ‘ in- 
strument’ engineer who presses for the introduc- 
tion of new control techniques in process industry 
(if only to get a little practical experience), while 
managers and senior engineers remain woodenly 

* Page 79. + Page 83.  t Page 87. 





CONTROL September 1960 





Circle No 76 on reply card for further details 


CONTROL 


sceptical. Only when they are trying to push plant 
output beyond its designed value do those cautious 
captains show interest or initiative, and even 
then they think first in terms of bettering materials 
or availability rather than of improving dynamic 
performance. 

‘Is there really anything in all that abstruse 
mathematical analysis? Has control engineering 
any real future? Those are questions you will still 
find asked here by influential people’: thus West- 
cott in Control last month. For an answer he 
prescribed a fortnight’s reading of the Ifac Con- 
gress* proceedings, but who will look at them 
except those already converted and well versed in 
the art? The congress itself caused scarcely a 
flicker of interest at home. Perhaps this indiffer- 
ence was not altogether remarkable in the popular 
press: the magic word ‘ automation’ has become 
rather old-fashioned; reporters may have been a 
little shy about the smallness of the British con- 
tribution; and anyway, unless the general public 
can fasten on to an easily grasped achievement— 
like a few tons of ironmongery whirling round the 
moon—it becomes both bewildered and bored; as 
also (one fears) do the politicians. Hence. pre- 
sumably the lack of interest in the lay press, but 
why has the congress been so little noticed in 
technical journals? At least partly because too 
many well-settled engineers — and therefore the 
papers that specially serve them—do not care 
much for what they regard as an unreal subject. 

Control has already given a good deal of pub- 
licity to a forthcoming symposium in London, 
where the Ifac Congress is to be reported and 
discussed.t We join Westcott in advising every- 
body who is not sure that the subject exists to 
go to that symposium, to hear what the British 
delegates have to say, and to fire questions at 
them. Maybe it is also permissible to hope that 
there will come out of that meeting a reborn and 
magnified B.C.A.C.: or, if we cannot have that, 
then a movement to create a body truly repre- 
sentative of British control engineers. For they are 
men who must have both organized community 
and professional establishment if they are to in- 
fluence the powers in the land. 








* Fully reported in Control: July, pp. 84-87; August, pp. 84-96; 
this month, pp. 92-98. 

t London, 27-28 September. Details from Institution of Mechanical 
Engineers, 1 Birdcage Walk, London, S.W.1. 





LETTERS 
to the EDITOR 


Appeal to the user 


SIR: In his ‘ Thoughts on the L.E.A. 
Show’ in your June issue, your con- 
tributor L. Landon Goodman com- 
ments that, while there were many 
‘ building bricks ’ on show, there were 
insufficient samples of complete sys- 
tems. I fully agree with this statement 
and the Systems Engineering Group 
of my company are already working 
to correct this situation. This was, I 
hope, shown by the display of our 
process control computer Anatrol, as 
the main element of a gas flow blend- 
ing system. 

Our group has been at work for 
just over twelve months and Anatrol 
is the first of a range of major units 
intended to link input units to con- 
trol units in comprehensive automa- 
tic systems. Work is also under way 
on a number of application studies 
and the main problem which we now 
face, in this new activity, is the iden- 
tification and understanding of the 
problems of the industries we wish to 
serve. It is not a simple problem 
however, for while we usually find 
that the engineers responsible for in- 
strumentation and control are thinking 
very much along the same lines as 
ourselves, there is a general educa- 
tional period ahead before the ideas 
and techniques become sufficiently 
proven to be accepted, even to the 
extent of the process industries con- 
ducting really significant trials on 
which to base their future plans. 

We and I know that others, con- 
vinced that Automation Systems can 
result in major economic advantages 
in the operation of many processes, 
are ready to make facilities available 
for field trials and I hope that those 
who are interested, in the user indus- 
tries, will make opportunties to enable 
this work to go ahead. 

De Havilland R. A. RUBINSTEIN 
Propellers Ltd 


From a cybernetous man 


SIR: I regret that I still cannot accept 
Mr. Beer’s contentions*. 

Of course all. differences of degree, 
even slight ones, are important, but 
if we are going to set a dividing point 
at which we use a new term to des- 
cribe a control system of a certain 


* * Letters * last month, p. 80.—eprror 


degree of sophistication, then as men 
of scientific minds we must define 
that point with some precision, Hav- 
ing done that, we may coin a new 
descriptive-word for systems of the 
more advanced degree, but we should 
not misuse a word which is already 
broader in meaning to describe a 
narrower field. A near parallel of 
what Mr. Beer is doing would be to 
use the word “cerebral” in describ- 
ing a man’s brain, in order to indicate 
its degree of difference from that of 
a monkey. Clearly this is absurd, as 
“ cerebral” describes both. 

As to the grammar, “ model ” exists 
both as a noun and an adjective. If 
we must have an adjective derived 
from “cybernetics ”, should it not be 
“ cybernetical”” or “ cybernetous ”? 

The science of cybernetics is em- 
ployed, unconsciously most of the 
time, in the control of every com- 
pany. Similarly, a dentist whose feet 
bear his weight all day, because he 
takes care of his bunions, is applying 
some of the science of orthopaedics, 
but it would be misleading to describe 
him as an “ orthopaedic surgeon.” 

Of course, I am no grammarian 
but a mere pediatric man, so I may 
be putting my foot in it here. I hope 
that as a biochemical, neurological, 
psychological, cybernetic man I shall 
prove sufficiently self-adaptive to my 
environment to survive any reaction ! 

JOHN B. RUDKIN 
Bishop's Stortford, Herts 


Two points of view 


SIR: As I see it, the purpose of a 
technical journal is to inform the 
practising engineer of new design 
methods, new equipment, and any 
new trends that may have escaped 
his notice. More and more, however, 
do I read in journals like yours the 
general opinions on_ semi-technical 
and non-technical matters of, presum- 
ably, editorial staff. 

For example, in your July issue 
‘Uncontrolled’ discussed the British 
Association’s report on the pros and 
cons of the metric system, Reason- 
able enough: but why conclude that 
the Government has neither the 
knowledge nor the ability to evaluate 
and legislate on the informed advice 
which the various interested parties 
must have provided it with ? 


Another example in the same issue : 
‘ Staffman’, who writes your person- 
alities page, mentioned Dr. D. Taylor's 
appearance before the Parliamentary 
and Scientific Committee, and his 
‘championship of the space cause’. 
This is not a subject for levity, as 
this country will learn to its cost if 
we continue to think of rockets in 
terms of science fiction. The satellite 
exists, and there is no practical reason 
why it should not revolutionize world 
communications. 

To reiterate: the duty of a techni- 
cal journal is to inform on matters 
technical and not to indulge in half- 
baked witticisms. 
Worcester J. H. SNOW 
SIR: I should like to congratulate 
you upon your superb review of the 
IL.F.A.C. Conference in your August 
issue. ‘Control’ has a remarkable 
flair for making palatable as well as 
comprehensible what might otherwise 
be as dry as the proverbial dust, This 
goes for the whole of your excellent 
magazine. 


Manchester R. N. FELTON 


PUBLISHER’S COLUMN 


Another first 


In the next few weeks, Control's 
first Industry Guide and Digest 
number will be published. This 
will incorporate the enlarged 
Control Buyer's Guide — the 
number of companies reviewed 
will be up by more than 25%. 

During our research for this 
special issue we found that only 
a comparatively small fraction 
of British control equipment 
finds its way oversea. We hope 
that, by high-lighting the new 
equipment and new ideas of this 
year, and drawing users’ atten- 
tion to the benefits of up-to- 
date control, we will play at 
least a small part in establish- 
ing the industry in new markets. 

To provide an effective ser- 
vice in support of the new 
Industry Guide and Digest 
number, we have established an 
extensive industrial research sec- 
tion. This is freely available 
to all readers of Control when- 
ever they are seeking new equip- 
ment or ideas. 

The Industry Guide and 
Digest number is an extra issue 
for the year, and all subscribers 
will get one free copy each. 
Additional copies may be had 
from these offices for £1 apiece, 
post free. 
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diffused silicon rectifiers 


AT CLOTH CAP PRICES! 


Now—all the advantages of Silicon Rectifiers for the general Industrial user. The Texas 
1S101 series—most price-conscious range of Silicon Rectifiers today—are engineered to the 
high standards you expect from Texas. They are designed and priced for Industrial 
Applications—please write or telephone for fuller details today. 

Deliveries can be made ex stock. 












18101 18103 18105 18107 


Peak Inverse Voltage at —40°C to + 100°C oP 200 400 600 800 V 
Average Rectified Forward Current at +50°C_... I, 750 750 750 750 mA 
Average Rectified Forward Current at + 100°C ... I, 250 250 250 250 mA 
Recurrent Peak Forward Current at + 25°C ve dy 2.5 2.5 2.5 2.5 A 
Single Current, | cycle at 60 c/s at +25°C oe Ty 15 15 15 15 a 
Operating Temperature, Ambient ... as -: Tam ——— —40to+100 ——— °C 


aa. 


Write for Data Sheets and Application Information on these and other TEXAS devices which include 


NPN Silicon Transistors (Signal, UHF, Power) Silicon Zener Voltage Regulators 
PNP Germanium Transistors (UHF, Power) Silicon Controlled Rectifiers 
Silicon Rectifiers & Diodes Semiconductor Grade Silicon 


(High Voltage, Signal, Computer, Photo, Zener) 


TEXAS ° INSTRUMENTS 


LIiMIitTrteob 
DALLAS ROAD BEDFORD ENGLAND 
BEDFORD 68051 CABLES: TEXINLIM - BEDFORD 
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Regentone chose 


MAXAM 


Fluid Power 


operated 
Rotasembler 
dispensing machines 


to obtain a 40°; increase in assembly efficiency 


Work Study Equipments of Woodford developed and manu- 
facture Rotasemblers, the new rotary-indexing storage and 
dispensing machines which have made their first appearance 
at Regentone Radio and Television Ltd. Twenty Rotasemblers 
have been installed to store and dispense small electrical 
components for the production of printed circuit radio and 
television receivers. 

The indexing mechanism which turns the Rotasembler is 
operated by a MAXAM double-acting air cylinder and an 
automatic brake assembly. A MAXAM foot-valve controls 
the movements of the air cylinder and the brake which, in 
turn, controls indexing movements of the storage hoppers. 
These movements bring the components, in correct assembly 
sequence, to a point only a few inches from the assembly area 
and simplify identification of parts. Assembly errors are 
almost entirely eliminated. 


More and more constructors of flow production 

machinery are designing their assemblies with 

MAXAM Fluid Power in mind ! 

If you are a Chief Draughtsman, Works 

Manager, Production Head or other person 

seriously interested in safely increasing 
productivity, please send for our literature covering standard — 
valves, cylinders, rams and other hydraulic/pneumatic equip- 
ment in a wide range of sizes and types. 


MAXAM POWER LIMITED 


Distributed by: 


Holman Bros. Limited, Camborne, England; Camborne 2275 
and at 44 Brook Street, London W.1; Hyde Park 9444, 


Also in Birmingham * Cardiff * Glasgow * Peterborough 
Sheffield. Australia’ Canada * East Africa * France 
India * South Africa’ Spain’ U.S.A.* West Africa. 


With Agents and Representatives throughout the world. 


Fluid Power Equipment 


REGISTERED TRADE MARK 
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SUBSCRIPTION RATES 
(all post free) 


INTRODUCTORY RATE £1.10.0 
—available only to individuals 
who have not previously sub- 
scribed 


WORMAL RATE 42.2.0 
(U.S.A. and Canada) $8.00 


3 YEAR RATE £5 
(U.S.A. and Canada) $20.00 


STUDENT RATE £1.0.0 
— available to engineering 
students and apprentices 


Please send me CONTROL 


starting with the 
invoice me later at the following rate: (tick appropriate box) 


[] INTRODUCTORY RATE £1.10.0 [} 3 YearRate £5.0.0 ($20.00) 


[] Normal Rate £2.2.0 ($8.00) []) Student Rate £1.0.0 


Existing readers: A special group rate is available at a substantial reduction for 
three individuals subscribing together. [) Tick here for details 
CLP. 3154) 
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VIEWPOINT 





This month the British aircraft industry 
goes on show at the annual Farn- 
borough Air Display. Sir Roy Dobson, 
Vice Chairman and Managing Director 


of the Hawker Siddeley Group, sug- 


























Automation, as a great many industrialists now 
realize, is the new industrial revolution which must 
come, and come quickly, if Britain’s economic 
progress is to be assured. But, as yet, only com- 
paratively light breezes of this particular ‘ wind 
of change’ ruffle the surface of British industry. 

From where is the drive, the leadership, to come 
in this new revolution? I suggest from the aircraft 
industry, which for the last half-century has been 
in the forefront of technological development. 

Automation is integration—the integration of 
the most modern techniques and skills with the 
traditional crafts developed over the ages. Pure 
automation—the completely automatic process or 
factory—can be successfully carried out only by 
a large enough organization. 

But knowledge and facilities are of no use with- 
out the ability to apply them. A recent contributor 
to this column* referred to the gap between the 
1980 thinking of the electronics industry and the 
1910 thinking of the user industries. This gap can 
be bridged only by an organization whose thinking 
is broadly based and flexible; an organization 
familiar with sudden expansion and change; an 
organization led by men with vision yet of sound 
engineering tradition. 

The aircraft industry fills this bill admirably. 
Ironically, it will never be able to introduce a very 
high degree of automation into many of its own 
production techniques, but it has been turning out 
a highly automated product for many years. Con- 
trol system engineering has always been an inte- 
gral part of aircraft engineering, and modern civil 
and military aircraft and missiles are examples of 
the most sophisticated control and intelligence sys- 
tems ever devised by man. Missile engineering, for 
example, has opened up many new fields from 
which industry will reap great benefits. 


*David Foster, Viewpoint, Control, July 1960. 
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Electromechanical devices are still extensively 
used throughout industry for controlled switching, 
sequence controls, safety interlocking, etc. In 
missiles a more efficient, compact and reliable 
method was needed, and this led to the applica- 
tion of semiconductor physics. Now industrial 
companies in my own group have followed the 
lead of their associated aviation companies and 
successfully applied these solid-state devices to the 
control of heavy electrical equipment. 

As a process becomes more completely under- 
stood, so it is easier to control. But to understand 
it one must collect and process a mass of data. 
Here the aircraft industry has developed instru- 
mentation and telemetry which, for all practical 
purposes, is completely reliable. New methods of 
high-speed data handling and processing have 
revolutionized data analysis. 

How many thousands of miles of recording 
paper and ink are wasted by industry every year 
on redundant information—in placing on record 
that a variable has, in fact, remained constant? 
The aircraft industry has for a long time found it 
necessary to record only relevant information and 
developed methods and equipment accordingly. 

Environmental testing, whose use outside the 
military field is only just being appreciated, has 
been a feature of aircraft and missile testing for 
years. 

So the list goes on. These are examples of the 
sort of new techniques which, allied with the tradi- 
tional skills, is the basis of automation. Automa- 
tion has to come soon and in a big way. The 
search for the necessary impetus need extend little 
further than this month’s Farnborough Show. 


————— 





Control 


at Farnborough 


There is plenty to interest the control engin- 
eer at the S.B.A.C.'s 21st Flying Display and 
Exhibition, Farnborough, September 5-11 


Much equipment at this year’s Show has been developed 
for one or other, or both, of these two jet airliners. Above: 
the Vickers V.C.10; below: the DH121 





SINCE THE LAST FLYING DISPLAY AND’ EX- 
hibition at Farnborough, there have been 
many major changes in the make-up of 
the aircraft industry. At Government sug- 
gestion — one might say under Govern- 
ment pressure—various mergers occurred 
and the major part of the industry now 
consists of three major airframe and two 
major engine groups. These are: the 
British Aircraft Corporation, which con- 
sists of Vickers Armstrongs (Aircraft), 
English Electric Aviation, Bristol Aircraft 
and Hunting; the Hawker Siddeley 
Group, comprising the original members 
(Armstrong Whitworth, Avro, Gloster and 
Hawker), plus Folland, the de Havilland 
Enterprise and Blackburn; Westland Air- 
craft, comprising the original Westland 
helicopter interests plus those of Saun- 
ders Roe, Fairey Aviation and Bristol 
Aircraft; the two engine groups are Rolls- 
Royce, and Bristol Siddeley. Many famil- 
iar names are, therefore, less to be seen. 
In aircraft engineering, perhaps the 
major breakthrough is in the field of 
vertical take-off aircraft. In particular, 
there are the Short SC-1 and the Bristol 
Siddeley BS.53 lift/thrust ducted-fan en- 
gine. A revolutionary feature of the latter 
is the use of moveable jet nozzles. Ver- 
tical take-off is studied in some detail by 
J. J. Foody on page 88ff of this issue. 
The trend for aircraft concerns to enter 
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the industrial automatic control field is 
growing rapidly, and many firms whose 
names are synonymous with the history 
of flight are showing quite down-to-earth 
devices. We understand that the elec- 
tronics industry views this trend with 
mixed feelings: some fear — mistakenly 
we feel—that the aircraft industry’s close 
ties with the Government may give the 
newcomers an advantage. However, the 
aircraft firms appear to be entering the 
field in strength. Hawker Siddeley’s Sir 
Roy Dobson refers to this on page 83. 

One of the more important problems 
of aircraft controls is reliability, and this 
aspect is highlighted by the competing 
automatic blind-landing systems being 
developed for the DH121 and V.C.10 jet 
airliners by Smiths (stands 1-4) and 
Elliott’s (229-230), respectively. Smiths 
are working towards a triplex system— 
i.e. one composed of three independent 
subchannels working into a single con- 
trolling channel—to obtain the necessary 
high degree of reliability. Elliott’s on the 
other hand, are developing a duplicated 
system in which both channels are sep- 
arately monitored by what are, in effect, 
much simplified versions of the control- 
ling channels. The competing claims for 
these two methods of obtaining a high 
degree of information redundancy are 
extremely interesting. 


Flight control and navigation 

The many firms in the electronics 
field showing ground and airborne navi- 
gational equipment are of particular 
control-engineering interest. The trend 
towards fully automatic landing brings 
the autopilot into yet greater prominence, 
Among their flight control equipment, 
Smiths Aviation Division (1-4) are show- 
ing the SEP2 (the current model) and 
also the new SEP4 which is part of the 
B.L.E.U. Autoland system. The latter at 
present comprises the Smiths autopilot 
and throttle control, Pye i.l.s., Murphy 
leader cable and S.T.&C. radio alti- 
meter. However, if the new S.T. &C. 
ils. is adopted, leader cables may no 
longer be necessary. This system is being 
installed by Bomber Command. Smiths’ 
new multiplex SEPS autopilot for the 
DH 121 jet airliner has reached an ad- 
vanced stage of development. Their para- 
visual director, the barber’s pole display 
discussed in our July issue, is much in 
evidence, as are their various integrated 
flight systems. 

The flight control system for the 
V.C.10 jet aircraft is, of course, by Elliott 
Bros, (229 & 230) to Bendix designs. The 
Elliott /Bendix P.B. 20 equipment for the 
V.C.10 comprises two separate but iden- 
tical transistorized systems each provid- 
ing i.l.s. coupling with automatic throttle 
control, v.o.r. coupling, clutched and pre- 
set heading control, and height, airspeed 
and Mach number locks. ; 

Honeywell Controls’ (286) new adaptive 
autopilot is understood to adjust itself 
to changing flight conditions, e.g. in 
wind speed and height. A ‘ model’ simu- 
lates the dynamics of an ideal vehicle 
and a controller brings the autopilot into 
line with this information. 

A localizer transmitter and the new 
remote control unit of the S.T.&C. 
(146-149) i.l.s., which is favoured by the 
Ministry of Aviation, is on view, as is 
their STR-40 radio altimeter for auto- 
landing. The latter covers up to 500ft 
only. 

A 100,000-ft servo altimeter by Smiths 
(1-4) has a counter showing altitude to 
the nearest SO ft, plus a pointer which 
makes one revolution for every 1000ft. 
Movements, with height, of a pressure- 
sensitive capsule affect inductive pick-offs 
to provide signals for the indicators. The 
accuracy is + 1 millibar. Kelvin Hughes 
(1-4) exhibit a servo altimeter covering 

— 1000 ft to + 70,000 ft.. The accuracy at 
ground level is + 20ft, and at 50,000ft 
+ 180 ft. 

A great deal of navigational equip- 
ment is shown by Marconi’s (11-15). 
Their modified AD 2300B Doppler navi- 
gator, an f.m.c.w. device, is shown. They 
claim to have overcome the ‘ height- 
hole’ errors of which this type of Dop- 
pler has been accused. Operating at 8800 
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Mc/s, it comprises a sensor and com- 
puter giving speed and drift, miles to 
go, error, plan of next leg, and steering 
information for the pilot or autopilot. 
An associate, Canadian Marconi, show 
their Doppler sensor, Dagmar—drift and 
ground speed measuring radar. 


Gyro instrumentation 


Sperry (90) who are, of course, collab- 
orating with Smiths and Kelvin Hughes 
in producing the instrumentation for the 
DH121, show the V.G. 202 vertical gyro 
which is intended for that aircraft 
among others. It is said to provide a pre- 
cise pitch and roll reference. Sperry’s 
Rotorace directional gyro, one of their 
Gyrosyn compasses, is exhibited. The 
twin gyro platform on show employs two 
Rotorace directional gyros and has a free 
drift rate of 0-25°/hour in azimuth. This 
platform is said to provide an attitude 
reference of inertial quality, witout the 
need for liquid-supported gyros. 

The Gyrotwin reference system by 
S. G. Brown (225) is half the size and 
weight, but twice the accurac,, of their 
master reference gyro, which it super- 
sedes, The stabilizing and azimuth gyros 
are mounted in tandem and the servo 
amplifiers are fully transistorized. They 
also show the Arma/Brown gyro, a refer- 
ence which may operate as either a 
North-seeking gyro or as a precision 
directional gyro, This has a 3-in. wheel 
floating in Fluorolube in a sealed sphere. 
The sphere is located by four ligaments, 
angular misalignment being detected by 
pick-offs. Signals from these are amplified 


and passed to servo-motors which con- - 


trol the angular position of the container 
and so cancel out the torsional strains 
on the ligaments. 

Ferranti (176-177) have a vertical re- 
ference gyro, the FS. 16, designed to pro- 
vide pitch and roll signals for attitude 
indication, etc. It incorporates synchros 
and toroidal potentiometers on both axes, 
and has gimbal freedom of 360°in roll and 
85° in pitch. They also show a standby 
artificial horizon of the type used in 
Comet and future Boeing 707-436 air- 
craft; a similar system has been ordered 
by Argosy and Vanguard aircraft. 
Ferranti’s standby gyro system comprises 
an artificial horizon, two directional in- 
dicators, a miniature direction gyro and 
an inverter unit. 


Computation and data-handling 

A flight data system by Kelvin Hughes 
(I-4) integrates flight and aerodynamic 
information for presentation on servo- 
operated displays. These respond to data 
from separate sensing, detecting and com- 
puting units. An aerodynamic computer 
accepts information from pitot, static 
and temperature sensors, and computes 
indicated airspeed and Mach number for 
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presentation on the speed display. Alti- 
tude and vertical speed are computed 
and presented on a height display. Sig- 
nals from a remote gyro are presented 
on the attitude indicator on a roller-blind 
display. The navigation display uses a 
roller-blind to present four modes: com- 
pass, i.l.s. deviation, Tacan, and homing. 
Kelvin Hughes also show an electro- 
mechanical analogue computer which 
measures pitot and static pressure to 
compute altitude, rate of climb, Mach, 
and air speed. Pitot and static pressures 
are measured by two force-balance sys- 
tems, which accept the force output of 
a capsule to give a rotary output which 
is transmitted by cams and synchros to 
the presentation units. The force-balance 
outputs are fed to a servoed Wheatstone 
bridge to compute Mach number. 

W. H. Sanders (Electronics) Ltd. (100) 
are showing a logic system having trans- 
ductor sensing elements, together with an 
individual logic assembly. These are 
capable of operating with a memory to 
either store information or act upon 
fresh information at will. 

A special divide-by-two binary element 
by McMichael (214) consists of a two- 
transistor bi-stable circuit which will 
Operate at up to 100,000 counts/sec from 
2-usec pulses. It weighs } oz. 

Components from their Simlac and 
Simlac Minor analogue computers are 
shown by Short Brothers and Harland 
(59). Their new control-system analyser 
is alzo shown: this facilitates the investi- 
gation of feedback control-systems and 
components over the same frequency 
range as that of their low-frequency 
decade oscillator —0O-Olc/s to 110c/s. 
Wayne Kerr’s transfer function computer 
is shown on the stand of their principals, 
Wilmot Breeden (199). 

An aeronautical research computer, an 
analogue machine for the solution of 
problems in aerodynamics, is exhibited by 
General Precision Systems (226). G.P.S. 
are also showing an automatic radio 
aids unit for the Link trainer. 

Southern Instruments (153) have trace 
reading equipment for the digital ana- 
lysis of analogue records. This consists 
of the trace reader and built-in decoder, 
initiating switch, and solenoid-operated 
electric typewriter. 

Acorn—automatic check-out and re- 
cording equipment—which de Havilland 
Propellers (141) are showing, has been 
developed for testing complete systems 
in aircraft, missiles, and ground equip- 
ment. Channels are scanned and tested at 
the rate of one per second, and the results 
—the deviation of the measured para- 
meters as decimal fractions of their per- 
mitted tolerances — are displayed and 
logged. 

S.T. & C. (146-149) are showing the 
Strad high-speed electronic switching 


system, and Armstrong Aircraft (L) 
their telemetry and data-handling gear. 
The new Apollo digital computer for 
air traffic control is displayed pictorially 
on Ferranti’s stands (176-177). This is to 
go into experimental operation at the 
Scottish Air Traffic Control Centre, 
Redbrae, Prestwick, in the Spring. 


Fuel and engine controls 

Ultra Electronics (275), who are de- 
signing an electric throttle-control sys- 
tem for the Short SCS Britannic for 
R.A.F. Transport Command, are showing 
several examples of engine control 
equipment. These include the engine- 
mounted A605 turbine-speed and jet-pipe 
temperature-control amplifier for the 
Rolls-Royce Conway. Ultra’s engine-con- 
dition analyser, a monitor of engine tem- 
perature and vibration, is also on view, 
as is their new engine vibration indicator. 

A full-scale mock-up of an aircraft 
fuel-system is shown by Armstrong Whit- 
worth Equipment (L). Their fuel systems 
are used on such aircraft as the Light- 
ning, Britannic, Fairey Gannet and FD 2, 
and the Gloucester Javelin. 

Developed for the Rolls-Royce RB 141 
and the RB 163 engines, Smiths’ (1-4) 
engine control systems use magnetic am- 
plifiers. Their fuel-control actuator is 
suitable for engine mounting, while the 
amplifier is for wing-root or fuselage 
mounting. 

A fully-automatic electrical fuel-control 
for helicopters is shown by de Havilland 
Propellers (141). Developed for the 
Gnome engine, this relieves the pilot of 
all engine-handling; he merely selects the 
required rotor speed, and a computer 
maintains this throughout the flight. 
Their Pottermeter flowmeter is also on 
show. 

The fuel-management systems for the 
V.C.10 are based upon the Elliott (229 
230) true-mass fuel-flowmeter, a develop- 
ment of a Bendix design. The system 


This Short control-system analyser in- 
dicates in-phase and quadrature com- 
ponents down to 0°01 c/s 
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consists of a true-mass flowmeter, with 
a computing circuit to indicate mass 
flow rate and fuel consumed, A synchron- 
ous motor drives an impeller at constant 
speed via a magnetic coupling to impart 
angular acceleration to the fuel; the force 
required to accelerate to a given angular 
velocity is a measure of true mass, This 
arrangement provides an electrical signal 
which is fed to a computer having an 
indicator which displays fuel consumed 
in digital form. Accuracy of flow-rate 
measurement is understood to be better 
than + 1°5%. 

A four-channel mass-flowmeter by In- 
tegral (166) is for measurement of fuel 
flow through four pipes on four-engined 
aircraft. Rotation of a helical rotor 
having a magnetic insert provides pulses 
which are computed to give total fuel 
consumed and rate-of-flow in mass units. 

Negretti and Zambra (161) have their 
Series 2 fuel flowmeter. This depends on 
orifice measurement of flow, the orufice 
area being altered so as to maintain a 
constant pressure-difference. Any change 
in area is transmitted to an indicator 
calibrated linearly in terms of rate-of- 
flow or rate-of-flow plus fuel-consumed. 
Their integrating indicator, type I.R., is 
used in conjunction with a fuel flow- 
meter in the line to the engine. 

A range of fuel equipment is exhibited 
by Simmonds Aerocessories and Firth 


Acorn, de Havilland Propellers auto- 
matic check-out and recording equip- 
ment for testing complex systems 





Fairey Engineering's electro-hydraulic 
servo valve (below) 


Cleveland (180). The Pacitor gauge for 
liquid oxygen has been developed in co- 
operation with Normalair, and is based 
on the well-known type 2 Pacitor system. 
Various aircraft flowmeters (mass and 
volumetric) are shown. Their outside 
stand (S) has the Gilbarco/Firth Cleve- 
land electronic tank-contents gauge and a 
hydrostatic tank-contents gauge of pres- 
sure-bulb type. 

Waymouth Gauges, on Smiths’ stand 
(1-4), are showing the type 4 transistor- 
ized fuel contents gauge. This utilizes a 
self-balancing bridge, and silicon tran- 
sistors. 

Sperry (90) are exhibiting a vibration 
sensing and analysing system for check- 
ing engine performance in flight or on 
the ground. Vibration pick-ups at critical 
points on each engine can operate warn- 
ing devices, or indicate vibration levels. 


Air and temperature control 


Cabin temperature control systems are 
a feature of Teddington Aircraft Con- 
trols’ stand (41). Their simplified system 
is, in effect, a valve-positioning control, 
which enables the crew to select on a 
single dial any condition between full 
heating and full cooling. Their Ducstat 
temperature sensors, low-mass resistance 
elements, may be bridge-connected to 
form the basis of standard controllers, 
off-balance signals being amplified in 
transistorized units to switch control 
actuators, They also exhibit outside-air- 
temperature elements, anti-icing and ice- 
warning equipment, and wing and/or tail 
de-icing equipment, Several units for 
missile heating control are on show. In 
one of these, a small thermostatic valve, 
the complete closed-loop servo including 
temperature sensor, actuator, and feed- 
back machanism, is incorporated. This is 
powered by the hot-air line pressure in 
which it is installed. The sensor is a bi- 
metallic pencil controlling an air bleed, 
and the actuator a pressurized stainless 
steel bellows. Servo feedback is provided 
by varying an orifice by means of a 
taper needle. 

Plessey’s (66-68) crew suit temperature 
controller provides a variable supply of 
power to an air heater, under either 
manual or automatic control. The regu- 
lator temperature range on automatic is 
from 50° to 80°F and any particular 
setting may be maintained at ambients 
down to — S5°F. They also exhibit the 
type 4 windscreen temperature controller, 
consisting basically of a resistance mea- 
suring network. 

Thermocouples and temperature sensing 
elements for installation on aircraft are 
shown by Technograph Electronic Pro- 
ducts (151). J. Stone and Co. (Deptford) 
Ltd. (9) exhibit a mercury-in-glass ther- 
mostat, which they market in association 
with the (American) Vapor Heating 
Corporation. 





Normalair (81) display the electro. 
pneumatic pressure control for the 
Vickers V.C.10. Long pneumatic-pipe 
runs have been eliminated by using elec- 
trically-operated pneumatic discharge- 
valves. Electrical actuation of the system 
is achieved by means of three sensing- 
elements, each consisting of a capsule 
operating a transducer: signals from these 
are amplified and combined to form a con- 
trol signal for the discharge valve. 


Actuation 

A wide variety of equipment con- 
cerned with the many forms of actua- 
tion is on show, the majority being 
hydraulic. Boulton Paul (A) show 
powered flying-control units and spoiler 
jacks for the V.C.10, and rotary control 
valves, A wide range of actuators (rotary 
and linear) is shown by Western Manu- 
facturing (217). An aircraft brake con- 
trol system is demonstrated by Electro- 
Hydraulics (88). In this, the port and 
starboard brakes are supplied through 
separate relay valves which are in turn 
controlled by master cylinders operated 
by the pedals on a rudder bar. The pilot 
is made aware of the point at which 
braking commences by artificial feel. 

Bristol Siddeley (239) are showing 
re-circulating ball screws which convert 
rotary to linear motion, and vice versa, 
with high efficiency and negligible back- 
lash. Ball splines permit free tele- 
scopic movement irrespective of the 
torque being transmitted. Both mechan- 
isms can operate dry at temperatures 
too high for normal lubrication. 

H. M. Hobson (167) are exhibiting 
many forms of equipment, including 
ball screw jacks for the DHI12I, a tri- 
axis feel-simulator for the V.C.10, a 
flap-control unit for the wing-flaps of 
the A.W.A. Argosy, and tandem-piston 
jacks, a pair of which operate the all- 
moving tailplane of the Sea Vixen. 
They also show an_ electro-hydraulic 
actuator having a thrust of 1100 lb. 

Fairey Engineerings’ Hydraulic Divi- 
sion (231) are demonstrating what they 
claim to be one of the most advanced 
and compact hydraulic-power control 
units yet designed for an aeroplane. It 
can accept the usual manual input com- 
mands from the pilot and is fully 
duplicated hydraulically; it also meets 
the demands of an automatic stabilizing 
computing system. This means that 
slight tendencies to yawing or pitching 
are sensed by rate gyros and are auto- 
matically signalled (through an electro- 
hydraulic servo valve) to the hydraulic 
actuators. These then ‘smooth out the 
bumps’ in the aircraft's flight path with- 
out interfering in any way with the 
pilots commands. 

Several hydraulic and -- pneumatic 
servo-actuators are shown by Turner 
Manufacturing (133). 
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Integral (166) show a _ range of 
hydraulic power-units, pumps, motors, 
and constant-flow valves. 

The central exhibit on the Vickers 
(Detroit) hydraulic section of the Sperry 
stand (90), is the new range of fixed- 
angle variable delivery pumps in a work- 
ing rig. A Spacemaster servo-valve con- 
trols a miniature hydraulic motor 
applied as a ‘meter motor’ (flowmeter). 
The pumps are available from 2-7 
gal/min at 15,700 rev/min to 82 gal/min 
at 3880 rev/min; however, pumps can be 
run at up to 40% higher speeds, with a 
corresponding increase in the delivery. 
Sperry’s Vickers section also features the 
hydraulic pumps and motors for the 
V.C. 10 and DH 121 aircraft. 

Vactric (182-183) demonstrate an 
actuator working in an oven tempera- 
ture of 200°C minimum, and controlled 
by a simple positioning servo. The 
motor tachogenerator operating the 
actuator is designed for a Bristol Sidde- 
ley high temperature jet engine. 


Servos and ancillaries 

Both Armstrong Whitworth Equip- 
ment (L) and Fairey Engineering (231) 
are showing electro-hydraulic servo- 
valves. The A.W.E. valve was described 
in our June (1960) issue, p. 123, and the 
Fairey device is shown in the working 
demonstration mentioned above under 
the heading ‘Actuation ’. 

Ferranti’s (176-177) servo-control in- 
struments include a hydraulic jet valve, 
two types of accelerometers with ranges 
of = 10g and + 25g, and a new angu- 
lar-displacement-measuring transducer. 
In the latter, a central primary coil is 
energized by a 20-V, 2400-c/s supply, to 
set up a flux linkage between itself and 
two outer secondary coils. The shaft 
whose displacement is to be measured, is 
connected to a copper shorted-turn 
which is moveable in an air gap in the 
central limb. With the shorted turn in 
the central position, the flux linkage 
between the primary and secondary coils 
is symmetrical and there is no output 
from the secondary coils. Displacement 
of the shorted turn from the central 
position disturbs the symmetry of the 
flux linkage and gives rise to a voltage 
output from the secondary coils pro- 
portional to the displacement. 

Exhibits by the Servo Components 
Division of Elliotts (229-230) include 
torque motors for hydraulic and pneu- 
matic servo-valve operation; standard 
synchros, including control transmitters 
and transformers designed for remote or 
local servo-system control, and torque 
transmitters and receivers for low-level 
transmission or indication of angular 
movement; stub  synchros, which 
although considerably shorter than 
equivalent standard synchros have the 
same performance; a.c. pick-offs, for 
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angular displacement or velocity; minia- 
ture permanent-magnet servo-motors 
(1-in. diameter or less); and a.c, servo- 
motors, to standard specifications. 

R. B. Pullin & Co. (253) are showing 
a range of size-18 synchros and size-15 
and size-18 servo-motors, and precision 
motor generators for both 400-c/s and 
50-c/s operation. They also have com- 
ponents for operation at high ambient 
temperatures (these have been developed 
in conjunction with Kearfott). Their new 
transistor servo-amplifiers include the 
TA.2 for 50- to 60-c/s systems, and the 
TA.3 which has been designed for 
operation over ain ambient temperature 
range of —40°C to +85°C. A working 
servo-system using standard components, 
including a special gear-box assembly, 
demonstrates the various types of feed- 
back loop which they can provide. Pullin 
are also showing a remote position indi- 
cator comprising a synchro input-ele- 
ment and servo balance indicator. The 
indicator provides an accuracy of 
* 0-25° when operating from a standard 
size-11 synchro. 

Smiths’ (1-4) range of synchros is based 
primarily on frame-size 11, and a new 
range is now in production, covering 
many types of torque, control, differen- 
tial and resolver elements. A_ similar 
comprehensive range of size-08 synchros 
is in a late stage of development and 
will be available for application where 
space is at a premium. Slab synchros 
are available in size 23, and size-15 slab 
synchros are under development. A wide 
range of servo-motors is in production 
in frarme sizes 05, 07, 10, 11, 15 and 18, 
and a size-23 motor is under develop- 
ment. Size-11 tacho-generators are avail- 
able with size-11 or larger motors. Two 
new hysteresis motors shown are size-07 
and 11, producing 1 W and 8 W of mech- 
anical output respectively. Smiths believe 
these to be the highest powers for these 
sizes so far produced. 

Vactric (182-183) are showing a range 
of international frame-size equipment in- 
cluding a.c. motors and tachogenerators, 
d.c. motors (permanent magnet and split 
field) and tachogenerators; in-line gear- 
heads with ratios up to 1000:1 are also 
shown. An _ interesting feature is a 
display of ‘ bread-board’ servo-compon- 
ents and speed reducers. 

Among the Sperry (90) synchros and 
small electro-mechanical components on 
show are specialized devices originally 
developed by their Bracknell Division 
for specific missile applications: in par- 
ticular, there is a precision voltage-refer- 
ence unit with a stability factor of +1 
part in 10°. 

Newton Brothers (16) 
servo-motors which 


show two 
incorporate  d.c. 


tachogenerators, and have outputs of up 
to 20W and 90W respectively; de 
Havilland Propellers (141) show torque- 
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motors, and Plessey Group member 
Ketay (66-68) various developments in 
components and systems including a new 
resolver for navigational systems use. 
Two testing instruments by E.M.O. 
Instrumentation (128) measure respec- 
tively the start- and running-torques in 
precision bearings, and the overall fric- 
tion and electrical torque of synchros. 


Guided Weapons 

On show for the first time this year 
is the Avro Blue Steel air-to-ground 
stand-off bomb for the R.A.F.’s_ V- 
bombers. 

A 60-ft model of the stern of a County 
Class warship carries a _ twin-barrelled 
launcher containing a boosted Armstrong 
Whitworth sea-to-air Seaslug, Guidance 
and control are by G-.E.C. and Sperry. 

Bristol-Ferranti’s semi-active hom ng, 
surface-to-air, Bloodhound, now in 
R.A.F. service, is displayed with its 
launcher, part of a launch control post, 
and target-illuminating radar. 

The Royal Artillery are displaying the 
English Electric semi-active homing, 
ground-to-air Thunderbird and four 
launchers, with two control posts, tactical 
control and illuminating radars. 

The speed with which four Short Sea- 
cats can be fired is demonstrated by a 
R.N, team. These anti-aircraft missiles 
have now been ordered by the Royal 
Navy and Sweden, Australia and New 
Zealand are to adopt them, and N.A.T.O. 
countries are interested. 

The de Havilland Firestreak air-to-air 
missile is fitted to the Javelin, Light- 
ning and Sea Vixen. Firestreak can 
be fired at sub-sonic or supersonic speeds, 
and uses infra-red detection to guide it 
on to its target. 

Space research is represented by the 
R.A.E.—Saunders-Roe Black Knight. On 
show is the second stage of a two-stage 
unit, built to investigate re-entry pro- 
blems. Two-stage Black Knights have 
reached a height of more than 300 miles. 
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Without inherent stability, jet-lifted aircraft present special problems. These 
remarkable new machines cannot be controlled by conventional aero- 
dynamic methods. The foreseeable problems are closely studied in this review 


Controlling v.t.o.l. aircraft 


at transition speeds 


by JAMES J. FOODY, M.SC., A.F.R.AE.S. 
Short Brothers & Harland Ltd. 


OVER THE PAST FIFTY YEARS PROBLEMS IN STABILITY 
and control have exercised the minds of aircraft 
designers, and their ability to solve them has very often 
been the limiting factor in increasing the speed range 
or the altitude. With the opening up of the possibility 
of very short take-off and landing (s.t.o.].) runs, and 
indeed vertical take-off (v.t.o.l.), a new field has been 
opened. Here there are conditions in which inherent 
stability is not achievable, and the aircraft designs will, 
by their very nature, be at best neutrally stable. Con- 
trol also, below some forward speed, becomes impos- 
sible by conventional aerodynamic methods, and we 
are forced to consider new methods of providing con- 
trol power and new methods of providing adequate 
stability; with, of course, their repercussions on relia- 
bility and safety. Control power is necessary for trim- 
ming and manoeuvring, and it is generally possible to 
assess how much should be provided. Stability on the 
other hand depends very much on pilot reaction, and 
indeed on pilot training, and it is not always possible 
without direct flying experience to predict how much 
stability is required in a new flight regime. We will dis- 
cuss these problems in this article, show possible solu- 
tions, and indicate tentative conclusions which must 
wait until practical flying experience is obtained. 
Much of this work is as yet largely theoretical and 
is backed up by only meagre flying experience. Certain 
problems will, however, undoubtedly arise, and whether 
analysis without flight experience has indicated an 
adequate solution remains to be seen. Most of the 
problems considered will apply to all types of v.t.o.1. 


and s.t.o.l. aircraft but the general discussion is aimed 
at the flat-rising type of vehicle such as the Short S.C.1, 
where the vertical lift is produced directly by lift 
engines. Other forms of flat-rising v.t.o. or s.t.o.l. air- 
craft, depending for their lift on ducted fans or boun- 
dary layer control, will involve much the same stability 
and control problems, although the airflow introduced 
may alter the picture significantly. 


STABILITY 


The designer of the conventional aircraft, by years 
of hard-won experience, has established the principles 
which enable him to achieve aerodynamic stability, at 
least over a large proportion of the flight range. At 
the approach speed, on aircraft with high-speed con- 
figuration, this stability becomes marginal and very 
frequently determines the minimum approach-speed, 
hence it is not unreasonable to expect that when the 
speed is further reduced by the provision of jet lift, 
attainment of adequate stability will become an impor- 
tant problem. Below we set out to explore the changes 
of stability which occur when an aircraft is partially or 
fully supported by jet lift at various forward speeds, thus 
considering both changes in jet lift and changes in inci- 
dence. It should be noted that this stability study is 
based on linearization of the dynamic equations of 
motion, and neglects both aerodynamic, inertial, and 
gyroscopic cross-coupling, although the effect of the 
latter is discussed. 

An aircraft is normally supported by what we shall, 
perhaps rather loosely, call ‘aerodynamic’ lift, and in 
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order to keep straight and level the machine must fly 
at a certain angle of incidence. If, however, it is pos- 
sible to apply a component of lifting thrust this can be 
looked upon as another variable and the aerodynamic 
lift coefficient C, can be expressed in the form 
_ Wilda) 
L bpSV? 

where A is the proportion of the all-up weight borne on 
lifting jets. The relationship between A, forward velocity 
V and C, is shown in Fig. 1. It can be seen that the 
maximum lift coefficient available from a given wing 
no longer limits the minimum speed of flight, and that 
in the transition speed-range the pilot is free to choose 
an incidence at any speed and make up the remainder 
of the necessary lift on lifting jets. He is limited to 
some extent by stability considerations, and it will be 
shown that in both the lateral and longitudinal mode, 
stability is largely a function of speed and is only to 
a lesser degree influenced by the combination of 
incidence and jet lift. 














Lateral stability 


One of the limiting factors on conventional aircraft 
at speeds approaching the stall is the damping and 
frequency of the ‘ Dutch roll’ oscillation.* This is very 
much a function of forward speed, and the results of 
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a simple linearized analysis are presented in Fig. 2 and 
Fig. 3. Fig. 2 shows that, at any given speed, as jet lift 
is increased and hence aerodynamic lift decreased, the 
period of the Dutch roll becomes longer; and also that 
as speed is reduced at constant C,, the period tends to 
lengthen. Fig. 3 shows that there is a catastrophic reduc- 
tion in damping as speed is reduced, and this is not 
significantly affected by the interchange of jet with 
aerodynamic lift. This general trend is likely to be 
present on any representative configuration, and unless 
particular design attention is paid to lateral character- 
istics, a Dutch roll instability will occur for even small 
reductions from conventional stalling speed. It may 
still be possible to use the fact that increasing jet lift 
will lengthen the period of the oscillation, thus making 
it more amenable to manual control; hence at any 






















* A wallowing motion at low speed. 








CONTROL September 


1960 








300 


250 


Equivalent air-speed (tt/sec) 











Oo 2-0 4-0 6-0 8-O 10-0 
Period (sec) 


Fig. 2 Variation in Dutch roll period with air-speed 


speed some improvement in handling characteristics 
can be expected from an increase in jet and a reduc- 
tion in aerodynamic lift. This topic is discussed in more 
detail later in the article. 

To broaden the general picture, the effect of one 
basic aircraft parameter, wing loading, on the period 
and damping of the Dutch roll has been examined for 
various combinations of jet and aerodynamic lift, and 
the result is shown in Fig. 4. It can be seen that an 
increase in wing loading will increase the period of the 
Dutch roll only slightly at low values of A, but more 
significantly as A increases. The effect of wing loading 
on oscillatory damping has also been examined and 
shown to be of second-order importance. Hence the re- 
sults quoted here will apply in general to the more 
highly loaded v.t.o. aircraft of the future, although the 


Fig. 3 Variation in Dutch roll damping with air-speed 
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Fig. 6 (Above) Longitudinal short-period oscillation. Varia- 
tion in period and damping with air-speed 
Fig. 7 (Below) Phugoid period for various combinations of 
jet lift and ‘ aerodynamic’ lift 









Period (sec) 








Fig. 4 (Above) Dutch roll period for different wing-loadings 
at constant lift coefficient 0-8 

Fig. 5 (Below) Dutch roll oscillation with and without 300 CL.= 1:0J0-60-4 0:2 O-S 
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period of the oscillation—particularly at low speeds— pared with what would happen were the aircraft also 














can be expected to be longer. decelerating at a representative rate. These results have 
The other lateral mode, generally of much less been obtained from an analysis in which all the rele- 
interest, is the spiral. Calculations indicate that there is vant non-linearities were included. The general tendency 
likely to be some reduction in damping, but in practice is for oscillatory period to increase and damping to 
this is very much masked by the oscillatory mode and deteriorate. This shows adequate correlation with the 
is unlikely to be of any significance. quasi-steady characteristics shown in Figs. 2 and 3, 
It will be observed that the foregoing results apply and the inference is that any conclusion drawn from 
to perturbations about steady speeds, and the transi- the quasi-steady condition is unlikely to be significantly 
tion on a v.t.o. aircraft is, of course, a decelerating altered by the inclusion of the acceleration terms. 


manoeuvre. Thus, whilst we start with certain stability ey maa 

characteristics, it is obvious that these will change as Longitudinal stability 

transition proceeds. To give an indication of what can Conventionally the longitudinal motion of a stan- 
be expected to happen, in Fig. 5 a Dutch roll oscilla- dard aircraft breaks down into a poorly damped, long- 
tion for the aircraft flying at a constant speed is com- period oscillation, known as the ‘phugoid’, and a 
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highly damped, short-period oscillation which can, 
under some circumstances (particularly those of high 
speed), become divergent. An investigation into the 
stability of the short-period oscillation with decreasing 
speed has shown the normal tendency for the period to 
lengthen, but has not uncovered any significant ten- 
dency for the damping to deteriorate beyond what 
might be considered acceptable. These effects are shown 
in Fig. 6. The effect of speed and \ on the period and 
damping of the phugoid is shown on Figs. 7 and 8, and 
again we see that the general effect of increasing jet 
lift at the expense of aerodynamic lift at any speed is 
to increase the period of oscillation. Damping again is 
shown to be largely a function of speed, but as the 
period is so long this oscillation does not take on nearly 
the same importance as the Dutch roll oscillation. 


Hovering stability 


As speed is reduced, and the aerodynamic forces 
become of less and finally no importance, the general 
stability equations on which the above analysis has 
been based break down, leaving only inertia effects. In 
this case both lateral and longitudinal equations are 
similarly expressed as an inertia-force relationship, but 
in the absence of any restoring forces cannot be said 
to possess any stability properties such as period and 
damping. Hence a force will merely cause an angular 
acceleration, and when the force is removed a rate 
of rotation will result. One significant effect, however, 
in the case of hovering stability, is gyroscopic cross- 
coupling. Here we confine ourselves to consideration 
of aircraft in which engines are mounted to rotate 
about the Z axis. Gyroscopic effects will tend to main- 
tain the aircraft in its steady-state attitude at any time, 
hence assisting in general stabilization but introducing 
cross-couplings in response to either control or external 
moments. The magnitude of the stabilization or cross- 
coupling effect is purely a function of the engine 
inertia, and should therefore be a minimum for a large 
number of small engines rather than one large engine. 
It could, of course, be overcome by having right- and 
left-handed engines, and this may very well prove to 
be necessary in specific cases. 

When a rolling moment is applied to the unstabilized 
aircraft in the presence of gyroscopic effects, the rate 
of roll resulting will cause a force in the pitching 
plane, producing a pitching disturbance. Fig. 9a shows 
the magnitude of this effect in a particular case. Here 
the aileron is applied to cause a roll, and the roll is 
stopped by reversing the stick displacement. In the 
meantime a pitching acceleration has caused a pitch- 
ing attitude-change, and it can be seen that for the 
particular engine and aircraft considered the pitching 
change is of the same order as the bank-angle pro- 
duced, and the expected steady state is not achieved. 
In order to correct for this cross-coupling effect it is 
necessary to apply a pitching moment to oppose the 
pitching moment due to roll and it is shown in Fig. 9b 
that something of the order of a quarter of full stick 
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in pitch is required to counteract the cross-coupling 
effect in a manoeuvre initiated by the application of full 
stick in roll. 

In the light of the above evidence it seems fair to 
that, even for small reductions in speed 
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gained by the use of jet-lift techniques, there is a rapid 
deterioration in stability characteristics. The general 
picture is one of increasing period and decreasing 
damping. Hence, for s.t.o.l. aircraft intending to use 
lift-augmentation, serious consideration should be given 
to the minimum speed which can be reached without 
some form of stability augmentation. For v.t.o.]. air- 
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Fig. 9 Gyroscopic effects on unstabilized hovering aircraft 


craft the aerodynamic modes of flight will, in general, 
persist with decreasing speed down to very low speeds, 
but at these speeds there is a condition of neutral stabi- 
lity complicated by a significant gyroscopic cross- 
coupling effect which will render control by a test pilot 
difficult, and control in an operational environment 
well nigh impossible. 

To be continued 
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THE FIRST INTERNATIONAL CONGRESS OF IFAC (THE INTER- 
national Federation of Automatic Control) was held 
in Moscow from 27 June to 7 July last. The first week 
of the congress was spent in formal conference, and an 
interpretive review of the papers and discussions 
appeared in Control last month. During the second 
week, delegates were shown round various establish- 
ments in Moscow, Kiev and Leningrad. Below are 
accounts of their visits by three of the British delegates, 
each a well-known authority on control engineering. 


Dr J. H. Westcott 





Imperial College of Science & Technology 


IT IS DIFFICULT TO GIVE THE READER (NO DOUBT A 
bloated capitalist comfortably ensconced in an arm- 
chair! ) an accurate impression of conditions of work in 
the top research-institute on automation in Moscow, the 
Institute of Automation and Telemechanics. If you are 
old enough to recall the depressing barracks that the 
Ministry of Food could make of an erstwhile pleasant 
hotel by five years of occupation, and imagine the ex- 
terior replaced by that of a run-down warehouse, you 
can make a start. Even after a week in Moscow, prac- 
tising the art of not judging things by what they seem, 
it still came as a surprise to me to find when I visited 
the Institute that I was really at the right place. 

The reception of delegates on visits followed a set 
pattern: the director (Academician Trapeznikov at the 
Moscow Institute) made a statement concerning activi- 
ties, expressed a hope that we would discuss our work 
with his people working on similar problems, and 
invited us to make any criticisms that seemed justified. 
We found this stress on criticism rather difficult. It really 
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Three British authorities, Dr J. H. Westcott, Dr H. H. Rosen- 
brock and Professor J. C. West, describe what they saw in the 
Soviet Union after the formal proceedings at the Ifac Congress 


Control engineering in the U.S.S.R. 


called for more subtle diplomacy than most of us were 
accustomed to exercising. The net result, of course, 
was that we said very little, and were no doubt thought 
to be rather selfishly taking everything in without con- 
tributing anything in exchange. After the introductory 
talk questions were asked for, and the replies were often 
the most interesting part of the visit. Skilfully placed 
questions at this stage could produce devastatingly re- 
vealing answers. On the other hand it appears to be 
almost an axiom in Russia that there is no point in 
giving information that is not specifically requested. 


MUSCOVITE ICEBERG 

At the Moscow Institute we did reasonably well. Be- 
fore we left the Director’s office we had elicited the 
following information. The I.A.T. employs some 400 
scientists and has ten main groups, each headed by a 
well-known name working in a defined field. Salary for 
a scientist having a doctorate is (on tourist’s rate of 
exchange*), about £170 a month, and £110 a month for 
the less qualified: but income tax and rent are very 
small. The Institute has no direct connexion with the 
University of Moscow, where some rather modest re- 
search is done (described as ‘ not serious’), but it em- 
ploys about seventy post-graduate students of the 
University, and Institute scientists do some lecturing at 
the University. The Institute has a group of 25 people 
who translate documents in any language and reckon 
to see all available literature in subjects of interest. On 
the question of financial support, they said that under a 
planning system this was no problem, but they agreed 
that buildings and accommodation were generally very 
difficult. New buildings would be provided by the Gov- 
ernment under the planning scheme when justified. They 


* It is hard to translate roubles into comparable Sterling figures. Delegates at 
the Ifac Congress received 28 roubles for their pound, For some other trans- 
actions the rate is pegged at eleven roubles. It is perhaps impossible to sy 
what the ‘ real’ relative values may be EDITOR, 
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gave us to understand that this would be very soon now. 
The Institute was proud of being a pure research estab- 
lishment and had no particular responsibility for seeing 
that work was applied, but they confessed to making a 
few special equipments, ‘for which purpose we have a 
few mechanics ’. In fact, the chance of getting work done 
outside is so small that the Institute make practically 
everything in their own backyard, and this requires 
a high proportion of mechanics by our standards. This 
pattern was repeated at each institute I visited in the 
Soviet Union. 

The Moscow Institute has a very energetic group 
working under Professor Aiserman on pneumatic and 
hydraulic devices. In the view of this group pneumatic 
devices are more reliable, simpler and more appropriate 
for the long time-constants involved in process control. 
An extremum regulator (see Fig. 1), composed of 
standard pneumatic units of their own construction, but 
clearly owing much to the well-known stack-type of 
instrument, was demonstrated controlling mixing of HC1 
and NaOH; the extremum here was maximum tempera- 
ture. Sinusoidal perturbation was used for probing. 


A special feature was the development of low-pressure 
(100 mm Hg) computing devices whose success de- 
pended on a high-gain pneumatic amplifier based on the 
flapper-nozzle principle. Function generation was by 
exploiting the distribution of pressure across a jet. 
Another break with tradition was the development of a 
miniature pneumatic relay (about | in. cube) which was 
used as the basic component for building up logical 
schemes, involving say fifty relays, and a pneumatic 
memory device (equivalent of electronic * clamp’ unit). 
This group seemed to be mechanically ingenious and 
well-informed in their subject. It was not easy to find 
out why such heavy emphasis was being placed on this, 
particularly in an institute which spurned connexion 
with practical applications. 

The other enterprising group was the one working 
under Professor Feldbaum on automatic probing and 
extremum regulators in the laboratory of self-adjusting 
systems. We were shown a demonstration of a single- 
variable stepping-type hill-climber which faithfully 
reached its extremum after eight steps, working at a rate 
of one step a second. This was not very exciting, being a 
noise-free case without dynamic lags in the process. A 
hand was waved in the direction of larger boxes, which 
we were told were prototypes of production models for 
five-, ten- and twelve-channel optimizers. 

At this stage Dr Leonov, who had taken part in the 
discussion of my paper at the Congress, and who works 
at the Institute, took me aside to discuss common prob- 
lems. His office was a thin aperture between two rooms, 
partitioned off. At one end were an easel and black- 
board (as wobbly as any western version), at the other 
his desk and a most curious piece of furniture looking 
like the leather upholstered seat from a railway-station 
waiting-room. On this we sat until the language difficulty 
drove us to diagrams on the blackboard. His English 


CONTROL September 1960 










was no better than my Russian! Only when we were 
joined by the lab. boy (whose English was, needless to 
say, excellent) did communication really commence. 
Dr Leonov is a member of a newly formed group under 
Professor Pugachev (author of a recent massive tome 
on random function theory). The work they are doing 
is highly theoretical. | would suppose that Pugachev is 
possibly part of the submerged nine-tenths of this ice- 
berg-like Institute, the excellent applied-mathematical 





Fig. 1 Pneumatic regulator for controlling mixture of HCl 
and NaOH 
theorist whose influence on progress is so difficult to 
assess and whose efforts as yet are barely visible in the 
physical apparatus on show. 


CITY OF LIGHT 

The next visit was to an institution in Leningrad. 
Leningrad is recognizably a European city, the city of 
light; artistic light at any rate, if not technical light. 
However, half of what we saw at the Institute of Elec- 
tromechanics was concerned with the control of optical 
telescopes, so one might concede that point too. Director 
Kostenko told us in English that the Institute controls 
three establishments in Leningrad. It is concerned prim- 
arily with electrical power transmission systems, both 
generation and transmission aspects. It has a very active 
group working on the modelling of large generators and 
transmission systems. In addition it has groups working 
on relay protection, regulation, traction and telescope 
controls. Its work is centred in the area covered by the 
S.E.G.R.E., but it had contributed two papers to the 
conference. We were shown the laboratory of power 
system studies under I. E. Gelebov where electro- 
dynamic modelling of generators is carried out using 
micro-machine techniques. 

The other laboratory seen was the laboratory of auto- 
matic control and precision mechanisms, where telescope 
control was investigated. This again was a self-contained 
group for complete design of automatic telescope con- 
trols. The main laboratory (40 ft < 80 ft) was itself a 
museum piece of baroque art, preserved in the face of its 
present occupation by ‘ scientists ’. This room contained 
everybody involved, that is to say typists, draughts- 
women, technicians and scientists, together with miscel- 
laneous servo-gear; eight women and six men in all; with 
six more people in the test room. A photo-electric sys- 
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tem had been worked out for continuous control of the 
telescope to an accuracy of 1/16 in. over several hours. 
The control scheme was a straightforward one, follow- 
ing photo-transistor and photo-multiplier with magnetic 
amplifier, valve amplifier and metadyne motor-generator 
set, and so to servo-motor with tacho-feedback from the 
output shaft (dc. for large systems; a.c. for small) and a 
notch network in the feedback path. Accuracy claimed 
at the photographic plate was 2—S, for normal follow- 
ing. Results on a photograph of a seventh-magnitude 
star, with and without auto-control, convinced us that 
improvement was being achieved, although the figures 
given did not help us very much. The band-width of 
control is a few cycles per second since the whole mount 
has to be moved. We asked why they did not have a fine 
control moving the photographic plate only, and they 
said they had heard of the method. 

When the design is complete batches are made out- 
side—we saw a prototype so manufactured, and they 
had our sympathies. We may have been influenced in 
this feeling by the fact that our stay, like all Russian 
visits, had run behind schedule, and it was by now well 
after our normal lunch-hour. We were returned to the 
care of the Intourist organization, which in Leningrad 
was operated with a light touch that was almost a 
pleasure after Moscow. 


ALL GOOD COMRADES TOGETHER 

And so to Kiev, which (make no mistake) is in the 
Ukraine, and that makes a difference. It was very much 
overrun during the war, and the amount of rebuilding 
is quite amazing and goes on apace. The people have 
been rebuilt too, it seems. At any rate they have that 
friendliness of people who have just moved in to a new 
housing estate. The Institute of Automation surprised 
us by being housed in a fairly up-to-date new building, 
and by opening the proceedings with the issue of white 
overalls. We were then ushered into Director Melnik’s 
office and the opening speech. 

We were told that problems of ‘complex’ automa- 
tion were being tackled (i.e. automatic control of com- 
plete plant). There followed the period of answering 
questions—which we were ready for this time—and 
which was in this case particularly rewarding. We 
started by asking, as everywhere, ‘Do you collaborate 
with the Institute of Automation and Telemechanics 
in Moscow?’ Answer: ‘We know of their work and 
they of ours. We interchange specialists occasionally. 
We have a system of co-ordination, conferences and so 
on, held in different republics. We publish details of 
our work in our journal, Automation and Machine 
Construction. There are agreed aims to our research 
work’. Asked in what areas complex automation had 
proceeded furthest, they said in the power industry and 
parts of the chemical industry; also metallurgical and 
machine-tool industries as elsewhere. We asked how 
they got their problems and were told that they were 
received in the form of requests from the users. Asked 
whether they could undertake work that had not been 
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requested, they said there would be no point: ‘ This is 
a research institute. We are not a planning institute, 
During our work we do sometimes incidentally dis- 
cover instruments which could not have been planned. 
Gosplan is the planning institute and it has many 
branches with specialists attached to them. When an 
enterprise wants research done this is sometimes 
arranged directly with the Institute, sometimes through 
the Council of the Academy, and also through Gos- 
plan. If feasible and agreeable it is included in the 
Institution plan sent to the State Commission for. con- 
firmation’. Asked what they did when a fundamental 
problem arose, whether they tackled it themselves or 
whether they sought assistance, they answered—to our 
surprise—that they had no experience of this sort of 
thing. We enquired who decided which work should 
continue when duplication occurred, and they said that 
preference was usually given to those that are most 
effective; the choice being exercised by the user. Once 
the user has agreed to take automation in some form, 
the Institute lends experts who establish their own 
laboratory on the premises and work there continu- 
ously until the job is complete. 

Then followed the tour of the establishment. As a 
development concern, it was the only place we saw 
that looked more or less as one would expect. The 
amount of equipment was a bit thin, but tolerable; 
there was still the tendency to push all and sundry 
into one laboratory. Draughtsmen were mixed with 
wiremen and typists—all good comrades together, no 
doubt. This Institute distinguished itself in that great 
enthusiasm and a more comradely spirit seemed to 
exist among the staff; the Director, for example, moved 
freely among his people, talking to them as equals. It 
did seem to us elsewhere that pecking orders were 
fairly rigidly observed in general. We were first taken 
to demonstration rooms, where examples of the type 
of apparatus being developed in the Institute were on 
show. Much of this was in fairly elementary forms of 
automation, such as relay sequencing controllers, pro- 
grammed devices for replacing manual operation, and 
stepping electronic controllers for control of tempera- 
ture, pressure, flow, requiring an electrical transducer 
for input and an electrical actuator for output. Various 
forms of sensing devices for special purposes were 
shown; a radio-active B-source (10 mc strontium-90) 
for measuring the thickness of rubber in tyre produc- 
tion at the new Dniepropetrovsk plant; a 2%-accurate 
radio-active device for flame-temperature measurement; 
concentration measurement in a two-component solu- 
tion by measurement of velocity of sound at 500 kc/s, 
with 1% accuracy; a transistorized analogue device, 
using ferro-magnetic sensors, for optimum control of 
efficiency of furnaces. 

Finally we were once more shepherded into the 
Director’s office for a discussion and a hearing of our 
criticisms. The time, in the usual Russian fashion, was 
under loose control. By now it was ten past two, and 
most of us had our internal data-loggers printing out 
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off-normal in dark red symbols. When we rather 
shortly dried up in the discussion, the Director an- 
nounced that his experts would now like to ask us 
some questions, and they set about fulfilling their norms 
with gusto. In due course we moved to the final cere- 
mony; the taking of the photograph on the Institute 
steps and the returning of the white overalls. In fact, 
we had found this visit the most interesting of all, 
although our enthusiasm on parting was perhaps tem- 
pered by our weary feet. And so back to Moscow, the 
eye of the needle, the only eye through which you may 
depart to the outside world, if it exists. 





Dr H. H. Rosenbrock 


Constructors John Brown Ltd 


Below is a straightforward account of my visits, made 
during the Ifac Congress, to applied research establish- 
ments, machine-tool factories, and a power station in the 
U.S.S.R. 





APPLIED RESEARCH 
Disappointment in Moscow 


The Moscow Institute of Automation and Tele- 
mechanics, U.S.S.R. Academy of Sciences, which is 
well known for its theoretical work, is housed in a 
somewhat ramshackle building. We were shown first 
various examples of equipment built to optimize a 
control system automatically. The principles embodied 
were those of Feldbaum, and they were described at 
the conference in a paper by Stakovskiy er al. The 
search techniques used either the steepest-descent or the 
‘gradient’ method. The latter differs from steepest- 
descent technique in that the gradient of the response 
surface is evaluated at every step, and not when pro- 
gress along the last direction has ceased. The region of 
optimization could be limited, but the procedure for 
this purpose did not appear to be very efficient. One 
piece of equipment (Fig. 2) showed a function of 
two variables, specified by twelve coefficients, being 
optimized by adjustment of the coefficients. 

In another laboratory we saw pneumatic logic ele- 
ments which had been described at the conference by 
Berends et al. These were small pneumatic relays 
(about 14 in. square by jin. thick). We were told that 
they could be built into a computer to give greater 
reliability than can be obtained from electronic devices. 
This seems doubtful, but on a later visit in Kiev the 
relays were seen in a quite natural application. They 
were used for switching pneumatic connexions to the 
electric-to-air converter of an electronic process-control 
computer. 

More work on pneumatic elements was shown in 
another laboratory. The effort being devoted in the 
US.S.R. to the theoretical and experimental investi- 
gation of pneumatic elements was surprising. It was 
taken by some to indicate that Russian solid-state 
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electronic devices are not yet freely available (or per- 
haps not yet very reliable). However this may be, some 
of the pneumatic devices had considerable interest. In 
one a movable nozzle was traversed across a jet. By 
means of feedback the device could be used as an 
operational amplifier; or, by shaping the jet, it could 
be used as a function generator, though one would 
imagine it would be a difficult one to design or adjust. 

Hydraulic mechanisms were also being studied. 
There was a hydraulic servo-mechanism on show 
which was actuated either by a pressure or by an 
electrical input signal. The device was about 9 in. long 
and 4 in. in diameter, and it actuated a crank. A hydrau- 
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Fig. 2 This rig at the Institute of Automation and Tele- 
mechanics was described as a device for optimizing a twelve- 
variable system 


lic controller with proportional and integral action was 
remarkable: it seems odd that one should want to 
generate such an action hydraulically. The device was 
similar to a stack-type pneumatic controller, but owing 
to the incompressibility of the fluid a bellows and 
spring were needed to obtain integral action. 

A pneumatic stack-type controller was exhibited. It 
was combined with a number of pneumatic relays into 
a control device which carried out an automatic opti- 
mizing routine. The details of the routine were not 
explained. In another laboratory we saw a small ana- 
logue computer consisting of amplifiers set up on racks. 
The equipment seemed poorly made and out-of-date, 
and it was remarkable that the Institute had no large 
analogue computing facilities, nor did it have its own 
digital computer. We were told that it relied on a com- 
puting centre for both these services. 

The general impression of the visit was disappoint- 
ing. A few of the ideas incorporated in the equipment 
were interesting, but the equipment itself did not seem 
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to have any great value. One had a definite impression 
that the Institute is a centre of theoretical work, and 
is out of touch with practice. It seems to do experi- 
mental work without much enthusiasm. The laborator- 
ies and the equipment available make any advanced or 
practical investigation impossible. 


Refreshment at Kiev 


The Kiev Institute of Automation, Ukrainian 
Academy of Sciences, was set up in January 1958 (or 
possibly in 1957—both dates were given). It is in a new 
building, very different from the building of the Insti- 
tute of Automation and Telemechanics in Moscow, 
and well suited to its purpose. 

The Institute is concerned with the automation of 
manufacturing processes in the chemical, coal, mining, 
metallurgical, power, machine-building and gas indus- 
tries. It has over forty laboratories and is the centre 
for the Ukraine, with branches at Zaporodze, Lisit- 
chansk, Lugansk, Kharkov and Dniepropetrovsk. The 
last of these branches is now being set up, and pre- 
sumably has a connexion with the dam and power 
station which are being reconstructed. The Institute 
also operates laboratories in important manufacturing 
plants. It has a staff (including branches) of 2000, and 
it is planned that this will increase to 6000 in 1965, 
by which time the buildings in Kiev will cover about 
120 hectares. Similar institutes have been set up in 
Armenia, Georgia and the Russian Federation, though 
the one in Kiev was said to be the largest. In the 
U.S.S.R. it is planned that by 1965 fifty enterprises will 
be completely automated, of which about fifteen will 
be in the Ukraine. 

We saw a control panel which had been built for an 
experimental open-hearth control. The equipment was 
arranged for program control of fuel, air, pressure, and 
heat exchange, and eight or more periods could be 
dealt with. Periods were terminated either on a basis 
of time or on completion of the process. The duration 
was from two to fifteen hours, though the equipment 
was suitable for up to 45 hours. 

In another laboratory we were shown a number of 
controllers. These appeared to be largely of the on/off 
variety, and could be either single-point or multi-point. 
There was also a device which allowed more than one 
process to be controlled by a single on/off controller, 
provided that the processes were identical. 

An instrument for measuring concentration in two- 
component systems used transmission of ultrasonic 
waves (500kc/s). One version used valves, another 
transistors. An accuracy of 1% was claimed, but the 
effect of temperature had not yet been studied. An 
ultrasonic level-detector, working by transmission 
through the liquid in the container, was also seen. 

The process-control computer already mentioned 
was being developed at Lisitchansk, and only circuit 
diagrams and a display cabinet were shown. Two ver- 
sions of the equipment were being developed. One with 
sixty inputs was intended for chemical plants and 
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would be installed this year. Inputs were coded at 
source (electrical contact disk) with eight or nine bits. 
Output was binary and was converted to a pneumatic 
signal. Apparently on/off output signals were not ordi- 
narily used for control. Pneumatic outputs from the 
electric-to-air converter were switched and stored 
between cycles by means of pneumatic relays and mem- 
ories developed at the Institute of Automation in Mos- 
cow. The larger machine worked with fourteen bits, 
fixed point, and had overflow alarm. It would make 
750 additions a second or ninety multiplications, and 
could be used for optimizing. Both computers used 
solid-state devices throughout. 

One laboratory was working on the automation of 
machine tools. In 1959, in collaboration with the fac- 
tory concerned, it developed a program-controlled tur- 
ret lathe for stepped work. Input was from punched 
cards, and electrical servo-mechanisms were used. Ten 
of the machines were being built. Another program- 
controlled machine was intended for the automatic cut- 
ting of ships’ plates. The Institute was collaborating in 
this development with the computing centre and with 
the factory concerned with manufacture. The program 
was stored on magnetic tape produced by a computer, 
Seven channels were used, two for each co-ordinate 
and three for technological commands such as flame 
control. A small model of the automatic flame-cutting 
device was shown in the laboratory. We were told that 
the accuracy of the full-size machine would be 4mm. 
It was to be built this year, using stepping motors 
280 mm in diameter by 350 mm long, with sixteen steps 
per revolution, capable of handling 200 pulses a second 
and stopping within one pulse. 

A remote-control equipment had been developed for 
oil-field use, serving thirty points, each with seven bores, 
and handling 1500 channels. It used germanium tran- 
sistors and magnetic elements, and received informa- 
tion on pressure, flow and temperature. A_high-fre- 
quency telephone line was available and the main car- 
rier was at 40 kc/s. Metering signals were in the range 
1500-3000 cycles and alarms at 6 and 7kc/s, in both 
cases amplitude-modulated on the carrier. Provision 
was made for alarm signals in two categories with 
automatic break-in and queueing. 

This was a most refreshing visit. The Institute was 
concerned with the practical problems of industry, and 
not with unapplied theory on the one hand or elemen- 
tary automation in out-of-date factories on the other. 
To say this is not to belittle the work elsewhere in 
Russia. The Institute was set up only 24 years ago, and 
before then, no doubt, there was insufficient trained 
manpower for such work. Moreover, until the work of 
such institutes begins to make its impression the gen- 
eral level of automation in industry cannot help but be 
backward. The work going on in Kiev was very com- 
petent and there was unlimited enthusiasm on the part 
of the staff. The scale on which the work is being car- 
ried out is impressive, and when its results are avail- 
able, and have been incorporated in industry, we should 
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see a very different type of factory from the machine- 
tool factories described below. 


MACHINE-TOOL FACTORIES 
Unsafe in Moscow 


The Krasny Proletariy machine-tool factory is 
housed in rather cramped premises in Moscow. We 
were told that the factory had been partly destroyed 
during the war and repaired afterwards. The rebuilding 
was to a very minimal standard; as an example, the 
unevenness of the floor must have constituted a hazard 
to workmen and contributed to the difficulty of clean- 
ing. Cleanliness, in fact, did not seem to be considered 
a great virtue in this plant — dirt had accumulated 
under duck-boards, floors were greasy and machines 





Fig. 3 There are already several shops for automatic produc- 
tion at the bearing factory in Moscow. One of these shops 
is shown in the illustration above. Under the seven-year 
plan about 80% of production is to be fully automatic at 
this plant by 1965. Feedback systems will be used in grinding 
and other precision work, and new manufacturing processes 
(mainly mechanical-working procedures at present in the 
laboratory stage) will be substituted for cutting processes. 
The output of the plant comprises over 1000 types and sizes 
of bearings, ranging from 28mm to |-6m diameter 


were dirty. Part of this may have been due to three- 
shift working, but efficiency must have suffered from 
the untidiness and from the poor layout of machines. 
Automation in the factory was represented by an 
automatic transfer line for gears, and was disappoint- 
ing. The line consisted of nine machines linked by a 
simple automatic transfer device. The machines had 
been bought out by the factory, but the transfer device 
had been designed and made there. Gear blanks were 
first turned on the top face in a vertical lathe. They 
were then up-ended in the transfer device and turned 
on the other face in a second lathe. The bore was 
broached to produce splines and the circumference was 
turned in a fourth machine. There were then three hob- 
bing machines, every third blank going into each mach- 
ine so that these operated in parallel. Finally the ends 
of the teeth were rounded in two consecutive machines. 
The whole line waited until all nine machines had 
finished their operation. The transfer device then 


moved, and after all the machines had been loaded the 
next cycle began. Gears were taken by hand from the 
end of the line for flame hardening. 
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This factory left a rather poor impression. There was 
little attention to safety (none of the machines had 
guards, unguarded belts were running next to narrow 
gangways with uneven floors, and so on). Layout of 
machines could have been improved and so could 
cleanliness. The automation was rather trivial. 


As bad in Leningrad 

At the Sverdlov machine-tool factory, Leningrad, we 
were taken first to the development laboratory, and 
details of the automatically controlled machines which 
they manufacture were explained. Control of the 
machines is based on a speed-control servo-mechanism 
using an amplidyne, with feedback of speed and its 
first and second derivatives. The speed range was said 
to be from 1 to 4000 rev/min in the laboratory, and 
a range of 2000:1 was obtained in practice. When it 
was used for position control the speed servo-mechan- 
ism was fed with position error together with its 
derivative. At the same time the feedback of second 
derivative of speed was eliminated. The servo-mechan- 
ism was said to be sufficiently stiff to give, with ordin- 
ary slides, an incremental movement of 1» with a 
5-ton load and 20 » with a 20-ton load. Because of this 
the factory claimed to be able to produce the largest 
copy-millers in the world. 

Working conditions in the factory were not very dif- 
ferent from those in the machine-tool factory seen in 
Moscow. It appeared that attention to cleanliness and 
layout of the machines would have increased efficiency, 
and it was difficult to see how machines of the accuracy 
claimed could be produced in such conditions, 


EFFICIENCY AT A POWER STATION 


Power station 20 of the Moscow power system was 
built in 1952, and supplies the south-eastern region of 
Moscow. It has a capacity of 150 MW and delivers 500 
million kcal of heat per hour for district heating by 
hot water. In winter the station is run on Donbas coal, 
and in summer it uses natural gas which is piped from 
Surata in the Ukraine, 1000 km away. 

The automatic control system of the station was ex- 
plained to us, but it was difficult to be clear just how 
far the system was integrated. There certainly was not 
overall control of boilers and turbines based on power 
demand. On the other hand, three-element boiler con- 
trol was used and a measurement of oxygen in the flue 
gas was used for control of the furnace conditions. The 
boilers had local control panels and one operator 
supervised three boilers. 

We were told that the boilers had been produced in 
the Taganbrod plant. They appeared to be well de- 
signed, and everything was very clean and in good 
order. The appearance of the control panels, which 
were installed in 1955, was somewhat out-of-date. All 
valves were operated by electric motors through gear- 
ing. They were controlled by three-position electric con- 
trollers (forward, off, backward), using cold-cathode 
valves followed either by a relay or by a magnetic 
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amplifier. Magnetic amplifiers were replacing relays, 
presumably for greater reliability. One would not ex- 
pect the speed of control with such a system to be as 
good as with pneumatic control. 

None of the control equipment that was seen was 
particularly up-to-date. The most surprising feature was 
the use of geared motors for valve operation, combined 
with on/off controllers. The general impression of the 
station was one of competence and efficiency. Every- 
thing was neat and in good order and the Superinten- 
dent of the power station was obviously proud of it. 


Professor J. C. West 


Queen's University, Belfast 





The Leningrad Institute of Electrical Engineering* 
was one of the many establishments visited by Ifac 
delegates. This was established 75 years ago, and it is 
primarily concerned with the teaching of students, 
although extensive research is carried out by staff and 
research students. We were informed that there are now 
six institutes for electrical engineering in the U.S.S.R., 
all based on the Leningrad model. They are all of the 
same size, but only three others were named: Moscow, 
Tashkent and one in Siberia. 

Before the last war the main emphasis in the teach- 
ing at the Leningrad Institute centred round hydro- 
electric power and high voltage, with some classical 
radio theory as subsidiary. During the last ten years 
major changes have taken place, and now the Institute 
is divided into six faculties: Radio Engineering, Elec- 
tronic Devices, Business Automation and Computing, 
Industrial Automatic Control and Applications, 
Electro-physics (Acoustics, Ultrasonics, Dielectrics and 
Magnetics), and a technical college for part-time day 
and evening students. 

The full-time course, extending over five years ten 
months, leads to a Diploma of the Institute. The vaca- 
tions consist of two months in the summer and two 
weeks in midwinter. The year is divided academically 
into two terms. There are some 6000 full-time day 
students (20% female) and another 1000 part-time 
students. Classes in the lecture-theatre number over 
200, but the main teaching is tutorial, and is done in 
groups of 25. There is a total teaching staff of 500, and 
none of them has a student contact time of more than 
500 hours a year. Some, at the discretion of heads of 
departments, have considerably less teaching time and 
increased research responsibility. At present the staff 
has thirty doctorates and 250 admitted candidates 
doing research for their doctoral degree (awarded by 
the University). 

Entrance is obtained on the results of a competitive 
examination set by the Institute, the results being con- 
sidered by a collective industrial board. There are five 
times more applicants than there are places available 


* Director, Prof. N. P. Bogoroditski. 


98 





for them. Successful students automatically obtain a 
maintenance grant from the Government. The subjects 
of the entrance examination are Mathematics (pure and 
applied), Physics, Russian and one foreign language; 
English is the most popular, with German next. A few 
take Chinese. The age limits are 17 and 35, but the vast 
majority at acceptance are between 18 and 22 years old. 
There is an examination every six months, which the 
student must pass in order to proceed to the next stage. 
The total failure rate from start to finish is less than 
10%. This good figure is thought to be due to the high 
standard at entry. It could also be due to the incentive 
financial bonuses awarded for good performance. 

The first two years of the course are common to all 
electrical students, but from then on the student selects 
one of the five departments, although Physics of the 
Solid State and Quantum Mechanics are compulsory 
for all. Engineering Drawing is not neglected, the first 
two years containing 150 hours in the drawing office. 
In their specialization, more attention is paid to theory 
than applied technology, and with successive years 
more time is spent in the laboratory and less in formal 
lectures. The total hours per week also decrease from 
34 in the second year to 24 in the last two years. 

The last year is devoted to a minor piece of research 
work. The thesis of this work is presented for the 
award of the final classification of the Diploma. The 
classification determines starting salary in industry. 
Some of the best theses I saw would not have disgraced 
a Ph.D. candidate in the United Kingdom, but others 
were equivalent to project work reports of our own 
undergraduates. The projects are examined with a viva 
voce by a state examining board composed mainly of 
industrialists who offer positions in their particular 
concerns. Few fail at this stage. This board also makes 
suggestions to the institute for further project work. 

Research work in the Institute itself is considered the 
peak of achievement by the new graduates. The gifted 
person is chosen by the Professor as a research assis- 
tant, with an attractive salary higher than that obtain- 
able on entry into industry. The research leads to the 
Doctorate of Engineering Science, and normally takes 
three years full time. Further research work prepares a 
man for entry into the Academy of Sciences. 

For those who go into industry, there is an oppor- 
tunity to return for advanced courses, or research, after 
two years. They must sit for an institution examina- 
tion consisting of two papers, one in the specialist sub- 
ject of their own choice and the other in philosophy. 

The number of industrial vacancies available is 
determined by a centralized state-planning authority in 
Moscow. The students with the highest awards have 
first choice from the list, but there is no compulsion at 
any level. There are more vacancies than diploma 
students. 

In the course of their six years, some eighteen months 
are connected with industry in an integrated fashion. 
The student must also get proficiency certificates in 
swimming, skiing and politics. 
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Work on learning machines has so far only scratched the 
surface of what is possible: but learning devices will certainly 


become a part of process-control systems in the future 


Learning in control systems 


A HUMAN BEING CAN READILY LEARN TO PERFORM TASKS 
which are not amenable to automatic control, or which 
can be mechanized only with extreme difficulty. Ex- 
amples of such tasks are driving a car and translating 
between two languages. Often a human operator per- 
forms with considerable efficiency without having a 
detailed knowledge of the physical system with which 
he is dealing. For example, many people who drive 
skilfully know very little about the arrangement of 
springs, linkages and shock-absorbers which form the 
suspension of their cars, although the details of these 
arrangements determine the handling qualities of the 
vehicle. An automatic device to control a car as effi- 
ciently as a person would need to take account of the 
properties of the suspension, and its design, would 
be based either on a detailed mathematical analysis of 
this mechanism or on empirical data obtained from 
tests on an actual vehicle. 

It is obvious that the technique adopted by a person 
is not based on a detailed mathematical analysis of his 
car; it is, in fact, based on empirical data which he 
collects while actually driving. In a rather similar way, 
good language translation depends on knowledge of the 
languages which is invariably derived from experience 
of their use rather than from a study of the textbook 
rules. 

Many interesting and useful things could be done by 
machines which were able to learn from experience as 
a person does. Learning devices will certainly be in- 
corporated at various levels in future process-control 
systems, as well as in systems for mechanical translation 
and the automatic recognition of speech sounds and 
visual patterns. 
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by A. M. ANDREW 
National Physical Laboratory 











Simple discontinuous learning machines 

Ashby’s homeostat (/) might be regarded as a kind 
of learning machine. It incorporates four pivoted mag- 
nets, actuating four liquid potentiometers. The output 
signals from the potentiometers, suitably amplified, can 
be connected in a very large number of ways to coils in- 
fluencing the magnets. Some patterns of connexions lead 
to stable behaviour of the assembly, others to instabil- 
ity. The homeostat incorporates an arrangement for 
altering the connexions randomly until stability results; 
the connexions are then left alone. Stability can be 
achieved under a wide variety of conditions, as for 
instance when two of the pivoted magnets are connected 
by a light rod, or when the connexions to some of the 
coils or potentiometers are reversed. Ashby uses the 
term ultrastability to describe the kind of behaviour 
shown by the homeostat. 

The homeostat probably should not be described as 
‘ learning ’, since it only stores the pattern of connexions 
it found to produce stability the last time it re- 
adjusted to a change in external conditions. Having 
once altered the pattern, it is unable to come back to it 
if the same external conditions recur, except by further 
random searching. 

Behaviour which more clearly embodies learning 
principles is shown by Uttley’s conditional probability 
computer (2, 3,4). This machine is not inherently goal- 
seeking, but can be made so with the help of additional 
circuitry, as discussed by Andrew (5). The computer 
itself has a number of input channels, each of which 
can be activated in an all-or-nothing fashion. Statistical 
information is stored concerning the patterns of activity 
which occur in these channels, and under certain con- 
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ditions the computer may make an ‘inference’ of 
activity in a channel which has not, in fact, been acti- 
vated. For example, if channels A, B and C have been 
simultaneously activated a sufficient number of times, 
activation of A and B only will produce an inference of 
activity in C. The necessary condition is that the con- 
ditional probability of C, given A and B, should be 
above a predetermined threshold value. 

The computer works by counting (in capacitors) the 
numbers of occurrences of particular groups of active 
channels. When channels A, B and C are activated 
together, the counters affected are those corresponding 
to the groups A, B, C, AB, BC, AC and ABC. Then 
the conditional probability of C, given A and B, is 
computed as the ratio of the count on the ABC counter 
to that on the AB counter. 

The computer simulates various features of animal 
learning, and in particular it can model a Pavlovian 
conditioned reflex. Pavlov showed that if, on a sufficient 
number of occasions, a bell is sounded shortly before an 
animal is given food, it begins to make the response 
which is normally evoked by food (namely salivation) 
when the bell is sounded alone. Two channels of the 
conditional-probability computer can be labelled ‘ bell’ 
and ‘ food ’ respectively. Then when the two have been 
activated together a sufficient number of times, ‘ bell’ 
alone will produce an inference of activity in the ‘ food ’ 
channel, and this is all that is necessary to simulate a 
conditioned reflex. Other more complicated simulations 
of animal learning are also possible. 

Somewhat similar behaviour to that shown by Uttley’s 
machine can be produced by other means. For instance, 
the circuits of Fig. 1 generate a voltage which may be 
taken as a running measure of the conditional prob- 
ability of B given A. It is arranged that S, operates and 
drops back again every time A occurs, and S, is in its 
upward position if B has also occurred, and down if B 
has not occurred. The capacitor voltage clearly rises 
to V, if A is always accompanied by B, and falls to 
zero if A is never accompanied by B (see Andrew (5)). 
The voltage on the capacitor on the left of Fig. 1a or b, 
following the nth occurrence of A is given by 


Vn/Vo= (1 — r(8, +78 


where 8; = | or 0, according to whether or not the ith 
occurrence of A was accompanied by an occurrence 
of B. 

Another arrangement which indicates the degree of 
association of two types of event A and B has been 
described by George (6). This is much more complex 
than the circuits in Fig. 1 but is built entirely from 
elements which are like the idealized nerve-cells dis- 
cussed by McCulloch and Pitts (7). Consequently the 
device is of special interest as a possible model of 
part of the nervous system. The operation of the George 
system is mathematically different from that of the 
circuits of Fig. 1, since his circuit has a definite number 
of stable states. The effect of a conjunction of A and B 
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is to transfer the circuit to the state next highest to that 
previously occupied, while that of a disjunction (A 
without B, or B without A) is to transfer it to the next 
lowest. When the highest state is reached, further con- 
junctions have no effect, and similarly in the lowest 
state further disjunctions have no effect. 

MacKay (8,9) has discussed possibilities for self- 
organizing systems containing a large number of units 
with interconnecting links which behave statistically, 
with the probability of effective transmission of activity 
through a link from one unit to another depending on 
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Fig. 1 Two simple circuits for oe] 
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the past activity of the link. The links must incorporate 
some element which collects statistical information con- 
cerning its past activity. George’s circuit or those shown 
in Fig. 1 could be used. MacKay gives a circuit incor- 
porating thyratrons and hoppers containing ball bear- 
ings; this, of course, is intended for demonstration only. 
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The need for interpolation 

The systems discussed by Uttley, George, Ashby and 
MacKay all have two-valued signals in their input and 
output channels, even though continuous variables may 
be computed internally. The restriction to two-valued 
signals is a serious difficulty when the possibility of 
practical applications is considered. Possible applica- 
tions to process control have received particular atten- 
tion; for these it is certainly necessary that the control 
system, and the learning device incorporated in it, 
should take account of quantitative information. 

A system which accepts two-valued signals can, of 
course, be made to handle quantitative information with 
any required accuracy simply by allocating a sufficient 
number of yes-no channels to represent each continu- 
ous quantity. However, such an adaptation of one of the 
above systems could only operate by learning separately 
how to deal with every situation which could be 
discriminated with the accuracy of measurement in- 
corporated. It is obvious that the learning process would 
be much more effective if the learning could be 
‘smeared over’ from one situation to others with some 
degree of similarity. In other words, for many applica- 
tions a learning machine must exploit the continuity of 
its environment. To do this it must interpolate between 
states of the controlled system, and there seems to be 
no simple way in which the systems described above 
can be made to do this. The simplest way of doing it 


seems to be to deal with quantitative signals right from 
the start. 
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Adaptive devices which handle quantitative signals 
have been described by numerous workers, and have 
been reviewed by Aseltine, Mancini and Sarture (0). 
These devices fail to justify the term ‘ learning’ in much 
the same way as did Ashby’s homeostat. They are able 
to adjust controlled variables to values which give opti- 
mum performance under a particular set of conditions, 
but they do not remember what values were optimal, 
so as to return to them immediately if the same set of 
conditions occurs again. Further developments are pos- 
sible, however, which do appear to justify the descrip- 
tion of learning. Examples of these devices are the con- 
troller described by Draper and Li (//), and another 
termed the Opcon, which has been produced by West- 
inghouse and is described by Burt and Van Nice (12). 
The former adjusts the ignition timing and the propor- 
tions of the gas-air mixture supplied to an internal 
combustion engine. The aim of the adjustment is to 
maximize the power developed by the engine. The 
Opcon similarly adjusts any two controlled variables so 
as to maximize any other quantity which is a function 
of them. 

The essential requirement of a learning device is pre- 
sumably that its response to a particular set of condi- 
tions in its environment should be favourably influenced 
by stored information concerning previous occurrences 
of the same or a similar set of conditions. This require- 
ment can be met by devices in which the controlled 
variables are functions of quantities measured in the 
controlled system, if the functional relationship is 
modified in an adaptive fashion. If sufficient flexibility is 
provided the relationship should become such that the 
controlled variables remain close to optimal values over 
a wide range of states of the controlled system. 

A feature which can greatly increase the flexibility 
of the adaptation is the facility of modifying the form 
of the functional relationships as well as finding optimal 
values for parameters incorporated in them. Some prin- 
ciples which should make this possible have been sug- 
gested by the author (5). It is debatable whether or not 
devices with this feature would simulate any kind of 
animal learning, but it is certainly true that they can 
show behaviour which would readily be admitted as 
‘learning’ if it were shown by an animal. 


Complex learning systems 

Several workers, including Pask (/3) and Stafford 
Beer of the United Steel Companies have considered 
learning machines of a degree of complexity which 
would not be feasible using conventional electronic com- 
ponents. They tend to be interested in developing self- 
organizing systems for economic planning and industrial 
management rather than for process control. An indus- 
trial organization with its personnel and machinery, as 
well as its customers and suppliers, is an ‘extremely 
complex system of interacting entities. It is, in fact, more 
like a biological organism than the kind of mechanism 
with which control engineers are usually concerned. It 
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has been suggested that a system to take control in 
industry should also be similar to a biological system 
and should consist of a great many elements, not neces- 
sarily reliable in themselves, produced by what Pask 
terms a ‘growth process’ from undifferentiated material. 
Beer has experimented with a swarm of magnetized 
daphnia as a self-organizing system; Pask has passed 
currents through an electrolytic solution in such a way 
that metallic threads are deposited on the bottom of 
the container. These threads influence the current path- 
ways, and their development depends on the applied 
currents. A large number of electrodes can be inserted in 
the tank, some with current applied and others samp- 
ling the potential field, and a complex system is built up. 

The system of threads can be ‘ rewarded ”’ and thereby 
encouraged to grow when it is tending to produce fav- 
ourable results. The reward consists of an increase in 
the total current available to the system, or of the metal- 
lic ions available for deposition. Hence the growth pro- 
cess can readily become goal-directed. 

Other schemes for learning machines inspired by 
biological studies have embodied networks of electronic 
‘model neurons’ (or nerve cells). Yon Foerster (14), 
Willis (15) and Rosenblatt (/6, 17) have used this ap- 
proach, the last-named working mainly with systems 
simulated on a digital computer. Rosenblatt is con- 
cerned with learning machines for pattern recognition, 
and his networks contain receptor units, association 
units and response units, of which the association units 
are modified in the course of learning. He has published 
experimental results from the computer simulations, in 
which the receptor units were considered to form a 
retina and the systems were trained to recognize capital 
letters. However, the simulated networks in these ex- 
periments had no interconnexions between association 
units, but only connexions of these to receptor and re- 
sponse units. It is difficult to see how such networks can 
do anything more than rather elaborate template-fitting. 

It seems unlikely that complex learning systems will 
find practical application for some time to come, though 
it is dangerous to be dogmatic. The argument is some- 
times advanced that such systems must work because 
the nervous systems of animals appear to be similar 
and they certainly show useful behaviour. This is a 
rather weak argument, however, since the changes which 
constitute learning in a nervous system are not at all 
well understood, and consequently it is impossible to 
know that any artificial system simulates a nervous 
system in this respect. 


Model-adjustment versus control-function adjustment 

In designing a learning machine to control a system 
external to itself, two approaches are possible. The 
learning machine may or may not incorporate a repre- 
sentation of the external system. The methods discussed 
up to now have not involved a representation, and may 
be said to work by direct adjustment of the control 
functions. Kalman’s (/8) self-optimizing controller re- 
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presents the external system by an equation with adjust- 
able parameters and the learning process operates purely 
to adjust this to represent the external system as accu- 
rately as possible. Then the optimum control function 


Raw 
material Fig. 2 A _ process 
controlled by a 
learning controller. 
The quantities a, b, 
¢ are measured by 
transducers in the 
process, d and e are 
controlled vari- 
ables, and h is the 
hedony, or degree 
of goal achievement 





Computation 
of hedony 


is derived from this mathematical model by a straight- 
forward, non-learned computation. 

If the goal-specification of a controller is not to be 
the same at all times, the model-adjusting type of 
operation would seem to be preferable if the behaviour 
of the external system is not too complex to permit it. 
With this type of operation the adjustments made in the 
course of learning are not referred to a particular goal 
and the model is relevant to the achievement of any 
goal. 

It might appear at first sight that the type of con- 
troller which adjusts control functions could only re- 
spond to changes in goal-specification by re-learning its 
control policy every time the goal specification was 
changed. This is not necessarily so, however, if the 
signals which specify the goal are incorporated in the 
control functions as well as being used to compute 
hedony (see Figs. 2 and 3). (The term ‘ hedony ’ is used 
following Selfridge (19), to denote the degree of goal- 
achievement.) 


Goal 
specification 


Move-and-stick versus correlation 

A number of self-optimizing systems operate by 
making some experimental change in conditions, waiting 
to determine the effect on the process, and then retain- 
ing the change if favourable or rescinding it if unfavour- 
able. The Westinghouse Opcon works in precisely this 


Fig. 3 Another 
process controlled 
by a learning con- 
troller, but with 
the specification of 
the goal included 
in the controller- 
input data 


ranean 





Goal 
specification 


way, and several other systems embody variations, in- 
cluding the peak-holding type of controller described 
by Draper and Li. The principle may be described as 
move-and-stick. 

The above principle cannot be applied where the 
process is subject to some unpredictable disturbance 
unless the effects of the disturbance are slight, or slow 
compared to the time which elapses between the occur- 
rence of a change in operating conditions and its effect 
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on the process (as indicated by the measure A in Fig. 2). 
When the effects of random variations are serious, it is 
impossible to know whether a change in hedony results 
from them or from an applied change in the operating 
conditions. 

When a large disturbance is present, optimization 
must depend on a series of fluctuations instead of one 
experimental move. Then the correlation between the 
fluctuations and the hedony can be computed, and a 
change made in the operating conditions if this measure 
is statistically significant. This form of operation has 
been discussed elsewhere (5, 20). Kalman (18) also uses 
correlation. 

Somewhat different considerations apply if the statis- 
tical data governing the adaptive changes are based on 
a period of recording of the relevant variables. This is 
only possible, of course, for the model-adjusting type 
of operation, in which the experimental variations do 
not affect the actual process. There is no need, in this 
case, to make repeated fluctuations and to compute cor- 
relations, since the statistical data can be derived with 
perfect consistency. 

The consistency may be misleading, however, if the 
process was affected by an unpredictable disturbance 
during the recording period. The effects of such dis- 
turbances could be detected by letting the model be 
adjusted according to two or more separate periods of 
recording and comparing the parameter-values reached. 
Gabor (2/) employs magnetic tape recording in his self- 
optimizing filter. 


Learning-to-learn 

In designing a learning system of any complexity, a 
number of rather arbitrary decisions must be made 
about its detailed operation. For instance,. values must 
be chosen for the time-constants of smoothing of what- 
ever statistical quantities are collected (correlations, con- 
ditional probabilities or others), and in the case of cor- 
relation a decision is needed as to the level of statistical 
significance to be reached before the machine takes the 
indication into account. The choice of values for these 
quantities must be somewhat arbitrary because the com- 
plexity of the system makes the mathematical determin- 
ation of optimal values virtually impossible, particularly 
since they depend on the nature of the process to be 
controlled. The speed and effectiveness of the machine’s 
learning, however, are greatly affected by the values 
chosen. In fact, the design of learning machines is pre- 
cisely the kind of intractable problem which it is hoped 
to by-pass by their use. It seems likely, then, that there 
will eventually be no fixed values incorporated for 
many of the parameters which control adaptive pro- 
cedures. The internal organization of learning machines 
will be subject to adaptive modification. They will, in 
fact, learn to learn. 

As part of the work on learning machines con- 
nected with the National Physical Laboratory it 
is hoped to control a process such as a distilla- 
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tion column with a controller developed from Uttley’s 
conditional-probability computer. The difficulties dis- 
cussed under the heading The need for interpolation 
became apparent at an early stage of this project, but 
there are some ways in which they may be circum- 
vented. A suggestion by Uttley, elaborated by Rees (22), 
is to let the operating conditions of the process be 
optimized by a fairly simple hill-climbing system similar 
in operation to the Opcon, but to let the searching 
strategy of this be developed in a trial-and-error fashion 
by a conditional probability system. The complete sys- 
tem would then ‘learn to learn’ in a rather elementary 
way. 


Self-organization and concept-formation 

Self-optimizing systems which work by adjusting 
values of parameters in control equations are often 
thought to be uninteresting and only capable of a very 
elementary form of learning. This need not be so, how- 
ever. In the kind of system discussed by the writer else- 
where (5, 20), as well as in Gabor’s (27) system, poly- 
nomial functions are used to provide functional rela- 
tionships which can be optimized by altering the co- 
efficients of the terms. By incorporating enough terms 
of sufficiently high order, any functional relationship 
can be approximated in this way. It is possible to incor- 
porate in the learning machine a means of deciding 
which polynomial terms could profitably be added to 
the control equations, and also which terms already in 
use are serving no useful purpose. Hence the system 
can incorporate a degree of self-organization, by which 
the available computing circuitry is allocated in the best 
possible way. It is also possible for the controller to 
have available to it information channels which initially 
are not known to be relevant to the control task. If 
they are relevant the controller can learn to incorporate 
them in the control functions. 

Systems of this type can also show the kind of 
behaviour which Pask (/3) terms ‘ concept formation ’. 
A concept is some function of the input data which 
can profitably be abstracted. The self-optimizing system 
may contain sections which work towards a sub-goal 
which is not the main goal of the complete controller. 
A sub-goal in the control of a distillation column, for 
instance, might be to maintain a particular temperature 
distribution in the column, although the overall goal is 
to maximize the profit of the operation. The controller 
can be made to form and modify its own sub-goals; in 
this case a sub-goal is essentially a concept. 


Sequential learning machines 

The type of learning machine discussed above could 
conceivably learn to perform a sequence of operations 
or to apply a number of different control functions in 
Sequence. A measure of the time elapsed since some 
event, or the information that a particular goal had been 
achieved, could be incorporated with the other input 
data in the control functions, and could produce sequen- 
tial operation. 
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However, sequential operation can more readily be 
produced by two other kinds of learning machine. 
Deutsch (23) has devised a machine to imitate the 
behaviour of a rat running a maze; this is capable of 
recognizing the point in the maze which has been 
reached and deciding which should next be sought. It is 
capable of modifying its behaviour, while still utilizing 
its previous learning, to take advantage of short cuts 
which are introduced in the maze. 

A different kind of sequential learning machine has 
been described by Donaldson (24). This learns a 
sequence of events, and the time-intervals between them, 
if the sequence is repeatedly presented to it. It can 
remember several sequences at the same time, and can 
reproduce any of them when given the start of it. It 
could, for instance, remember musical tunes, complete 
with time-intervals between notes. 

The combination of these sequential devices with the 
previously-discussed learning machine should produce 
very powerful control systems. Work on learning 
machines to date has only scratched the surface of what 
is possible. 
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CONTROLLING NUCLEAR POWER—2 


‘To achieve the higher temperatures required we are forced to use 
beryllium or stainless steel as a canning material; either course increases 
fuel element cost. This must be compensated for by achieving higher 
ratings and higher burn-ups. ...’ 


— 
. pee se oh 


.. . the problems of reactor stability and control . . . become more 


nme acute when higher ratings and burn-ups are used ’ 


Ot OS 


Sir Christopher Hinton, Chairman, C.E.G.B. 


at a Royal Society Tercentenary Lecture, London, 20 July, 1960 


Automatic 


control of 


power reactor systems 


by J. H. BOWEN 
U.K. Atomic Energy Authority 


IN FIGURE | IS SHOWN A TYPICAL EXAMPLE OF THE 
power-generating system to be considered, in which a 
coolant fluid is passed through a nuclear reactor (the 
temperature of the fluid rising from 7, to T;), and 
through a heat exchanger where, in the steady state, it 
gives up to a working substance the heat gained in the 
reactor. The working substance is expanded, e.g. in a tur- 
bine, and is then cooled, e.g. in a condenser, and 
pumped back for re-use. Some example of reactors to 
which this diagram applies are quoted in Table 1. 

Power and temperature, which are most important in 
the control of the reactor, are controlled by movement 
of the reactor control rods, which are made of neutron- 
absorbent material, and by adjustment of the mass- 
flow rate, Wlb/sec, of the primary coolant, ie. by 
the circulator speed N rev/sec, and also by the steam 
pressure generated, P;, determined by the setting of the 
throttle valve. To improve thermodynamic efficiency, 
the designer usually tries to operate his plant at the 
highest possible temperature. It often happens that the 
temperature of the fuel is the limiting factor, so part 
of the control problem is to regulate this temperature 
at the selected value with minimum and clearly specified 
deviations. 

It should be appreciated that a primary function of 
fuel cans (which are infissile sheaths around the fissile 
fuel) is to contain the fission products. If a small frac- 
tion of these products were to escape, heavy shielding 
against nuclear radiation would be needed round every 
part of the circuit and maintenance would be difficult. 
Indeed some reactors (in which the cans also prevent 
corrosion of the fuel by the coolant), would be impos- 
sible to operate, for the detection of fission products 
even in small amounts is a sensitive indication that the 
hermetic sealing of the cans has failed; after heavy 
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contamination of coolant with fission products the re- 
quired sensitivity would be lost, and corrosion could 
not be detected. 

For these reasons good measurement and control of 
fuel-element temperature is very important. One diffi- 
culty is that the temperatures occurring in the system, 
even of a particular component, often cover a wide 
range. For example, a temperature gradient of several 
hundreds of °C between the hottest and coolest fuel 
elements would normally be expected at full power. 


Control rods 


To other 
similar 
circuits 


Circulator speed N rev/sec 


Fig. 1 Power-producing reactor system 


The other important variable requiring control is the 
reactor power, P. Ultimately, of course, it is the output 
power of the system which is of interest, e.g. the out- 
put power at an alternator, or at the propeller-shaft of 
a ship. This differs from the reactor power by losses in 
the system, e.g. in power supplied to coolant pumps 
and in steam pressure drops, but these may be allowed 
for by a simple calibration between corresponding inlet 
and outlet powers. Time lags are not so easily allowed 
for. A change of reactor power is effected by changing 
the depth of insertion of control rods and coolant cit- 
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culator speeds; these, and the subsequent reactor-power 
changes, involve time lags, and there is a further time 
lag in transferring the resulting temperature-changes 
through the heat exchangers before the desired change 
in output power appears. If necessary, overall control 
may be stiffened by an automatic control loop from 
output to input. The first electricity-producing power 
reactors will probably operate on almost continuous 
full load, so that this aspect of automatic control will 
hardly arise. As the contribution from nuclear stations 
becomes an increasing proportion of the grid supply, 
however, the nuclear stations will have to be controlled 
to some extent to match the load demanded; this may 
either involve an instruction from central grid control, 
or a local automatic control regulating the busbars to 
a fixed frequency. It will appear below that the main 
lag is likely to be in the heat exchangers. This time lag 
is a few minutes, so that even if continuous control is 
essential, it is unlikely to be necessary to resort to 
closed-loop control over power in grid electricity-pro- 
duction applications. In the case of mobile (marine) 
applications, time lags of minutes will be unacceptable. 
Even here, however, the system response can be im- 
proved by increasing the ‘demand side capacity’, e.g. 
by the capacity of the steam reservoirs, so that closed- 
loop power control may still- be avoided. 

Usually it is not possible to arrange to control power 
and temperature independently. The interactions 
between them will be illustrated later in this article. 
There are certain superimposed requirements for reac- 
tivity control which appear in effect as disturbances in 
the power-temperature control loops. The effect of the 
reactor control rods (/, 2) is to vary the multiplication 
factor k. The value of k is determined not only by the 
position of the reactor control rods, but also by: the 
temperatures of the different components of the reactor 
core (the assembly ot fuel, moderator, and control rods 
in which the nuclear reaction occurs); the power 
level, which determines the concentrations achieved by 
certain isotopes having a high affinity for neutrons in 
the core; and the degree of irradiation (loosely called 
burn-up) of the fuel. The control system must (a) allow 
these changes to be compensated by the control rods, 
(b) usually allow temperature to be regulated at a 
chosen level, and (c) allow power to be varied over the 


TABLE 1 
THERMAL eg ehin fae mo 8 
LOCATION POWER MODERATOR COOLANT 
MW 

Calder Hall, U.K. 200 Graphite CO, gas 
Stage-It Reactors 350 Graphite CO, gas 

(Bradwell, 

Berkeley, 

etc.), U.K. 
Shippingport, 230 Water Pressurized water 
Dresden, U.S.A. 625 Water Boiling water* 


Dounreay, UK. 60 — Liquid sodium 


1 * Stage 1° refers to the U.K. nuclear power program. 
*In a boiling-water reactor system, the steam may be passed directly 
unnecessary 


, power 
to a .urbine and separate steam-raising units may be 
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- NOMENCLATURE 





Ww Mass flow rate of primary coolant, |b/sec 

N Circulator speed, rev/sec 

P, Steam pressure, lb/in? 

k Neutron multiplication factor 

bk (k — 1) i.e. excess multiplication factor, or 
reactivity 

a Temperature coefficient of reactivity 

P Reactor power, MW 

Fi Coolant temperature at reactor inlet 

T, Coolant temperature at reactor outlet 

Toe Error temperature in blower-speed loop and con- 
trol-rod loop = demanded outlet gas temperature 
-T, 

T iz Error temperature in steam-pressure control loop 
= demanded gas temperature at reactor inlet — T, 

An Amplitude coefficient in equation 8 

l Mean lifetime of prompt neutrons 

B Fraction of emitted neutrons which are delayed 

om Yield of delayed neutron group of type i 

A Decay constant of neutron group of type i 

j Operator V — 1 

R, Resistance to heat flow, reactor fuel element to 
coolant, °C/mW 

R, Resistance to heat flow out of core, °C/mW 

R, Resistance to heat flow, coolant to moderator 
°C/mW 

C. Thermal capacity of fuel elements 

c, Thermal capacity of coolant 

e. Thermal capacity of core structure (usually 


moderator) 
T;» Ty etc. Time constants R,C,, R,C,, etc. 


required range without excessive time delays. In addi- 
tion, some reactor systems require automatic control 
over the distribution of power within the core. A varia- 
tion of temperature can change the value of the multi- 
plication factor, either in a positive or negative sense, 
depending on the core design and the isotope concen- 
trations existing at the time. The value of the change 
in k per unit change in temperature of the component 
concerned, is known as the temperature coefficient. If 
this is positive, a local variation in temperature—e.g. 
uneven cooling in some channels of a reactor—causes 
an increase in k which, although local, causes the 
power all over the reactor to tend to increase. This is 
because the extra neutrons produced in the high-tem- 
perature region spread out over the reactor, causing a 
general increase in power. This power deviation would 
be detected and corrected by the normal power con- 
troller, which would cause control rods to move in 
to absorb the extra neutrons, but not necessarily in 
the precise region of the reactor where the high value 
of k exists. Overall, the power could thus be restored 
to its desired value; but the region which was originally 
overheated would be left with an increased share of 
the load, this being compensated by a low power else- 
where, generally in a region oppositely placed with 
respect to some axis of symmetry of the reactor. Thus 
@ positive temperature coefficient enhances any un- 
balanced temperatures which may exist, increasing the 
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temperature error above that which would have occurred 
in the absence of a temperature coefficient, in the ratio: 


is the combined effective temperature coefficient 
for moderator and fuel 


is the ratio of the increase in temperature to the 
reactivity producing the increase, assuming the 
system to have zero temperature or xenon 
reactivity coefficients. In other words this is an 
“open loop’ ratio with no xenon or tempera- 
ture feedback 


is the local increase in k which would be ex- 
pected due to xenon poisoning, divided by the 
original (local) increase in k. Again, it is the 
‘open loop’ value. 


Both 07/0k and K, are sensitive to the reactor size, 
which affects the ‘ amplification’, because if the reactor 
dimensions are small (in proportion to the neutron 
migration length, M, which is a length representative of 
the total distance travelled between birth and death), 
neutrons from the overheated region strongly affect all 
parts of the reactor, and it is more difficult for one part 
to ‘run away’ at the expense of another. If the ampli- 
fication is unacceptably large, the remedy is to arrange 
for local control over k by a number of the control 
rods. Local automatic controllers detect local unbalance 
of power or temperature and move the local control rod 
accordingly. 

The final requirement of a reactor control system is 
that it should be safe, meaning that it should be pro- 
perly matched to an efficient and proven protective 
system, and should not require to invoke this protec- 
tion in any way that can be reasonably avoided. Apart 
from the obvious requirements of sturdy design and 
failure-to-safety, the main implications are in the choice 
of the range of k controlled by the various individual 
members of the control-rod system, and the rate at 
which each is capable of varying k. The larger the rate 
of change allowed for k, the bigger the deviation of k 
which occurs during the inevitable time lags between 
detection of the deviation (through its effect on power 
or temperature) and protection by the operation of the 
shut-off feature. This may take the form of an over- 
riding signal to the control rods in the shut-down sense, 
the movement now being at high speed. If control-rod 
speeds in the direction of increasing reactivity were 
unwisely chosen to be too high, it would be possible 
for the power and temperature overshoot to cause 
damage. Because the overshoot depends upon the start- 
ing conditions for the transient—whether from full 
power or ‘shut-down power’, and whether the latter 
includes a neutron source or not (2), it is not easy to 
fix an upper limit for the control-rod speed, the usual 
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approach being to select the minimum speed required 
to counteract the anticipated disturbances to k and to 
check that this appears to have a good safety margin 
as defined above. The control rods concerned with 
regulation of power distribution are likely to present 
some difficulty. Part of the reason, as will be seen 
later in this article, is that comparatively high control- 
rod speeds are required for smooth regulation of power; 
and although the rate of change of k required for each 
separate automatic controller is not such as to cause 
concern, all the rates added together could be trouble- 
some. It may be possible, by suitable segregation of the 
units, to ensure that even under fault conditions, simul- 
taneous addition of k is not possible. A further precau- 
tion is to limit the range of k-addition available to each 
unit. This can be done provided that the units are 
backed up by an integral corrective action, in which 
k is added slowly to restore over a long period the 
‘ saturable’ controller to its working range. 

The mechanisms driving the control rods must there- 
fore provide a limited upper rate of reactivity addition; 
and below this for speed control as required by the 
design of the control loop. They must be capable of 
locking the control rods without permitting creep; and 
for shutting down the reactor they must provide con- 
trolled speeds plus a shut-off mode of action which 
must be fast and reliable. 


Analysis of stability of power reactor 

For stability analysis, an approximate treatment by 
linearization of the equations is suitable, leading to the 
application of familiar servo-mechanical methods. It is 
often convenient to work in terms of the inlet and 
outlet coolant temperatures, these being the average 
mixed temperatures in the inlet and outlet coolant 
headers. The relation between these and any other plant 
temperatures which may be required, e.g. of the fuel 
element, may be solved by normal heat-transfer equa- 
tions not involving stability analysis. 

Consider conditions in the reactor. 


T, =f, 7, W, P) (1) 


Where f, represents some function which we do not 
need to establish completely. Then approximately 


3 3 3 
37, <2 a7, + gy 4 7 gp (2) 
aT, aw oP 


The differential coefficients of,/d7,, etc., are them- 
selves functions of the variables P, T, W etc., and would 
normally be established at the working point of inter- 
est, and over a small range are assumed to remain con- 
stant. 

Considering the steam-raising units 


T, =f: (T:,W,T;) (3) 


3 3 3 
8T, = fs aT, + fe 8W + Ff sr (4) 
aT; aw oT, 
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In addition the reactor power is itself a function of 
the applied reactivity 8k determined by the control-rod 
position, and the effect on reactivity of temperatures. 





(z) = Summing unit 


®)-= — Difference unit 
(input —output) 
Fig. 2 Control diagram. a = temperature coefficient. KG = 
P/8k. K,G,=T,/P. K,G,=(T,/T,,) due to blowers. 
K,G, = T,/T,. K,G, = (T,/T,,) due to blowers. K,G, = 
(T,/T,~) due to steam pressure. K,G,=T,/T,. K,G,= 
k/T.,- K,G, = gas transport lag 


These relationships may be represented in the form of 
a control diagram (Fig. 2). Some of the lines shown 
are inherent in the plant design, whilst others are at the 
disposition of the control system designer. The choice 
of the most suitable mode of operation would emerge 
from a series of studies of the characteristics of alter- 
natives, of which only one is discussed here. Referring 
to Fig. 2, circulator mass flow W and steam-side tem- 
perature 7, are shown with local feedback loops (K,G, 
and K,G, respectively) regulating 7, and 7, at constant 
values. Particularly for large gas-cooled reactor systems, 
there is an advantage in keeping constant the general 
structure temperatures which are largely determined 
by the coolant temperatures. The effect of temperature 
on reactivity is shown as a feedback proportional to 
mean coolant temperature, i.e. to (T, + T,). This is ap- 
proximately true of a water-cooled water-moderated 
reactor in which the coolant fluid participates directly in 
the neutron economy. In a Stage-1 reactor the tempera- 
tures of fuel and moderator have separate effects on 
reactivity, whilst coolant temperature has little effect. In 
this case further transfer functions could be included 
to represent the relation between coolant temperature 
and the temperatures affecting reactivity. 

The inherent feedback due to temperature coefficient 
is reinforced by an automatic control loop (K,G,) in 
which control rods are moved to eliminate temperature 
deviation T,, of T, from its demanded value. 

The transfer functions of the elements represented in 
Fig. 2 may be combined in the usual way, leading to 
the overall open-loop transfer function 

T,’ K’G’ +K,G, 


T;  1—K’G’+K,G,+K’"G” 


K,G,+K,G, 
1+K,G, 


(5) 















where K’G’ = (a)(KG)\(K.G,) (6) 
and K”G” = (K,G,)(K.G,.(KG) (7) 


Illustration of forms of individual functions 
KG denotes the Laplace transform of the power out- 
put of the reactor as a function of the input reactivity. 
This transfer function may be calculated (/). The result 
is non-linear in that a sinusoidal input of reactivity 5k 
at frequency » excites a train of harmonics related .to 
each other by equation 8: 
8kK(A, , + A) 
Ay = (8) 


wR 
pagee te ae jme + _ 


where the A’s are the amplitudes of the harmonics of 
order m, | represents the prompt mean neutron lifetime. 
B is the delayed-neutron fraction, whilst »; and A; are 
the yields and decay constants of the respective groups 
of delayed neutrons. 

The amplitudes of these harmonics rapidly diminish 
if the reactivity variation is small, which is assumed 
to apply in the present analysis. Considering only the 
fundamental response 


kg=-2.= valine MMR ais (9) 


5k o( piB ) 
Jo 1+ 
ae 


P, is the mean power level about which the oscilla- 
tion is performed. 





P/6x (48) 


A 





1 
w (rad/sec) 
Fig. 3 KG, the frequency response of a graphite-moderated 
thermal reactor 


It has been suggested in (/) that a workable approxi- 
mation to this, employing the constants appropriate to 
a Stage | reactor, is 

P 301 + 5°7 jw)P, 
8k jo(1 + 0-2 ju) 

The frequency diagrams for equations 9 and 10 are 
shown in Fig. 3. The similarity between the reactor and 
an integrator will be noticed. If reactivity is different 
from zero, power continues to increase or decrease. At 
very high and very low frequencies the phase angle is 
—90°; in between it rises towards zero owing to the 
phase lead imparted by the prompt, as opposed to 
delayed, neutrons. 


(10) 


To be continued 
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PART 2 


d.c. conversion, variable d.c. supply, surge-voltage 


A.E.I (Rugby) Ltd. 


Last month we described the mode of operation, and 
then went on to consider processes of manufacture. 
We showed how a p impurity is diffused into an n 
slice of silicon to create a pnp structure, and how sec- 
tions are taken to find where the p and n impurities 
balance. 


The fourth layer (n type) is produced by alloying a 
suitable n impurity, such as arsenic or antimony, into 
one of the p layers of the diffused slice. In practice, an 
alloy of gold-antimony is used, the gold merely acting 
as a convenient carrier for the antimony. The trigger 
electrode is in ohmic contact with the p, layer, and 
the base connexion is in ohmic contact with the p, layer 
(Fig. 5). 

To achieve optimum characteristics in the controlled 
rectifier, a very close control of the alloying stage is 
necessary. For instance, the distance between the alloyed 
junction formed by the gold antimony and the adjacent 
diffused junction must be controlled to within a small 
part of a thousandth of an inch. Accurate component 
parts are essential, and the purity of the acid etches 
which are used to clean the various components before 
alloying must be carefully controlled. If the gold anti- 
mony penetrates too far the controlled rectifier will have 
a ‘ permanently switched ’ characteristic. If the penetra- 
tion is too small, very high triggering currents will be 
required. The alloying may be carried out under vacuum 
or inert gas. Both the temperature and time of the alloy- 
ing cycle are closely controlled. 

After alloying, the basic unit is ready for its encapsu- 
lation and is subsequently hermetically sealed. The 
encapsulation is shown in Fig. 8. 


Characteristics of controlled rectifiers 


Fig. 9 shows the current-voltage characteristic, mea- 
sured across the main contacts of a controlled rectifier. 
The characteristic illustrates some of the parameters 
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Uses include a.c. or d.c. switching, d.c.-a.c. or d.c.- 


suppression, dynamic braking and welding control 


The silicon controlled 
rectifier 


by A. J. SADLER ard P. A. TURNER 


Fig. 8 Encapsulated silicon controlled 
rectifier. The base is the anode, the 
large terminal the cathode, and the 
small terminal is the trigger electrode 


which are important in the use of the rectifier as a 
switching element. 

The break-over or switching voltage V go is a function 
of geometrical design, and the basic properties of the 
four regions p;, ;, Pz, Ne. For a multiplicative switch, 
this voltage depends on both the resistivities of regions 
n, and p, and the gradient of impurities through junc- 
tion B, and adjustment of these two factors permits a 
variation of Vgo to be obtained. However, at the higher 
voltages, surface leakage paths across junction B cause 
switching below break-down, and in spite of careful 
surface treatments before encapsulation, limit the values 
of V zo obtainable. 

The voltage drop in the switched-forward direction 
is an important factor since it is a measure of the power 
dissipated in the device when working. As the device 
is affected by an increase in temperature, the power 


Forward 
voltage drop 
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Fig. 9 Electrical characteristic of a controlled rectifier with 
no trigger current, at room temperature. In the reverse 
direction, little or no current is passed up to about 400 V, 
while in the forward direction up to about 400 V can be 
withstood before break-over into the low-impedance state 
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Fig. 10 Switched-forward 2 

characteristic of controlled 

rectifier, In the forward 

conducting state the de- 

vice offers very low im- ° Os ro Vs 


pedance Forward voltage 


dissipation controls the amount of cooling equipment 
necessary. Current densities of the order of 100 A/cm? 
are obtainable at a potential drop of 1 to 1:5 V. This 
is comparable with rectifiers of similar area. A switched- 
forward characteristic is shown in Fig. 10. 

Owing to variations in the properties of the pn junc- 
tions with changes in junction temperature, Vo varies 
markedly as shown in Fig. 11. Up to temperatures of 
the order of 130°C, very little change in Vo is noted. 
A further rise in temperature causes a rapid decrease of 
Vzo to zero at about 180°C. 

The above characteristics are those of either a two- 
terminal or a three-terminal device with the third con- 

400 Fig. 11 Variation of 

break-over voltage 

with junction tem- 
perature. The higher 
the voltage that can 
be withstood, the 
better the efficiency, 
so finning is used 
to keep the junc- 
tion temperature 
down to about 
- 120°C, Above this 
° the break-over volt- 


a ES ee ae, OR ae eee oie 
Temperature,~C rapidly 


tact open-circuited. The effect on Vgo of a bias cur- 
rent J, flowing through an outer junction in a forward 
direction is shown in Fig. 12 and is similar to an in- 
crease in temperature, the current below V go ‘increas- 
ing and the break-over voltage remaining constant up 
to a given value of J; before showing a rapid decrease 
to zero. The bias current 7; necessary to reduce Vo 
to zero is the important factor in the use of these devices 
as controlled rectifiers, and is mainly dependent on the 


8 


8 


Breok-over voitage 


5 


400, 


Fig. 12 Variation of 
break - over voltage 
with bias current 
through the third elec- 
trode. The effect illus- 
trated here makes it 
possible to control 
current from a_ d.c. 
source, but Fig. 13 
shows that such a con- 100 
trol would be sensitive 
to temperature 
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geometry of the design. Values of this parameter are 
found to vary from 10mA to 100mA. /; varies with 
increasing temperature and falls to half its original value 
for a change in temperature from 20°C to 120°C (Fig. 
13). The overall forward characteristics of the device 
for various values of J; are plotted in Fig. 14. 

The inverse characteristic of the device shows a simi- 
lar variation with temperature as a simple pn junction 
rectifier, the inverse current increasing considerably with 
temperature. 

Applications 

The controlled rectifier is comparable to a thyratron, 
which it can replace in many applications. Its uses 
include a.c. or d.c. switching, d.c.-to-a.c. or d.c.-to-d.c. 
conversion, variable d.c. supply, surge-voltage suppres- 
sion, dynamic braking, and welding control. 


Fig. 13 Variation of trig- 
ger-current requirement 
with temperature. It is 
necessary to use a sharp- 
edged pulse of control 
current, or the control 
point will vary as the 
temperature of the device 

varies 9° 


20 60 100 140 180 
Temperature,°C 


When compared with the thyratron the controlled 
rectifier has several advantages: 


n 
° 


Trigger current J,,@A 
3 


i. A very low forward voltage drop—about 1 V compared 
with 8 V or over in the case of thyratrons—resulting in high 
efficiency. 


2. Lower recovery times—only a few microseconds com- 
pared with 100-us de-ionization time in the case of the 
thyratron. 


3. Absence of a filament. 

For working voltages higher than the existing rat- 
ings per rectifier, it is possible to connect controlled 
rectifiers in series. If this is done, voltage-sharing 


Fig. 14 Forward 
characteristic of 
a controlled rec- 
tifier for various 
values of bias 
current passing 
through the 
third electrode 





Forward current,mA 


° 100 OMA 200 300 400 
Forward voitage 


resistors and capacitors must be placed across each 
unit and there must be provision for electrically iso- 
lated, but identically timed, trigger supplies for each 
rectifier. This can be done by means of a small pulse- 
type transformer with a number of secondaries. 
Parallel connexion is possible, but the controlled 
rectifiers must be matched to have similar forward volt- 
age drops and similar triggering characteristics. 
Triggering currents are in the order of 10mA to 
100 mA, while the duration of a pulse required to trig- 
ger the diode is as low as 5 to 10 ys. Once triggered, 
the diode will continue in its low-resistance state in 
the forward direction until the main current drops to 
a low value, of the order of 30 mA, when it will return 
to its high-impedance state in both directions. In the 
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Fig. 15 Simple half-wave 
switch. As there is no mech- 
anical wear, a controlled rec- 
tifier could replace a relay 
with advantage here 


Loed voltage wave-form when the 
controlled rectifier is triggered 
et 120° after the start of the cycle 


Fig. 16 Half-wave supply with phase-shifting circuit. A load 
current of many amps may be varied by means of a trigger 
current of a few milliamps 


triggered state the forward voltage drop is in the order 
of 1 to 14V. 

A very simple circuit for a half-wave switch is shown 
in Fig. 15. The rectifier A is to prevent inverse current 
in the trigger circuit during the inverse half cycle. The 
resistance R limits the trigger current. When the con- 
trolled rectifier has fired, it will shunt the trigger circuit, 
and reduce the trigger current to negligible values. 

Fig. 16 shows a phase-controlled, half-wave supply. 
By varying resistor R,, the controlled rectifier may be 
triggered at any point from the start of the cycle up to 
virtually 180° later. This of course provides a variable, 
half-wave supply. The figure shows the wave-form of 
the voltage across the load when the controlled recti- 


fier is fired 120° after the start of the cycle. R, in the 
circuit limits the trigger current while rectifier A pre- 
vents inverse currents in the trigger circuit. 
Fig. 17 shows a phase-controlled full-wave supply. 
As mentioned earlier in this article, the current re- 
quired to trigger a controlled rectifier varies with junc- 
tion temperature. Therefore, if precise control or timing 


Fig. 17 Controlled 
full-wave supply 


Fig. 18 A.C. control 
or switch. Not only 
can this circuit act 
as a simple a.c. 
switch, but the load 
current can be 
varied continuously 


is required, it is preferable to replace the RC phase- 
shifting circuit with one capable of giving a steep wave- 
front. 

Fig. 18 shows a circuit for high speed a.c. switching. 
The controlled rectifiers replace the relays or contactors 
of a more conventional circuit. Advantages include 
higher speeds and absence of mechanical wear. By 
means of phase-shifting circuits or suitable signals from 
transistors, the effective voltage output can be con- 
trolled. 

Fig. 19 shows a d.c.-to-a.c. converter circuit. This, 
obviously will have a wide application in converting 
battery supplies into a.c. supplies. The addition of a rec- 
tifier in the output makes the circuit into a d.c.-to-d.c, 


Fig. 19 D.C.-to-a.c. converter. Controlled rectifiers can be 
used to build a compact, rugged and efficient d.c.-to-a.c. 
converter 
converter. The mode of operation is as follows: The 
trigger circuit alternately supplies a triggering pulse to 
CR, and CR,, the two controlled rectifiers. Suppose that 
CR, is conducting and CR, is blocking, then the current 
will flow in the upper part of the transformer. The volt- 
age developed across the primary and also the capacitor 
C will be twice the d.c. supply. When CR, is triggered, 
the voltage across CR, will fall to a very low value 
and the capacitor voltage will be impressed across the 
controlled rectifier CR, in the inverse direction, for a 
sufficient time to allow CR, to regain its blocking state, 

CR, will conduct and capacitor C will be recharged, 
but this time with a reversed polarity. When CR, is 
triggered the capacitor will then extinguish CR,. The 
inductance L is to prevent excessive current during 
switching. The output wave from this supply will be 

approximately square. 


Conclusions 

The controlled rectifier is a new semiconductor device 
of far-reaching importance. Not only will it replace the 
thyratron in a great many applications, but it will 
undoubtedly open up a number of new fields. Its effi- 
ciency and mechanical robustness will make it attractive 
for use in a wide range of applications and its fast 
response will make it very important where high-speed 
switching of high powers is required. 
Acknowledgement 


Acknowledgements are due to the A.E.I. (Rugby) Ltd. for per 
mission to publish this article. all 


CONTROL September 1960 








ave- 


ing. 
tors 
lude 

By 
rom 
con- 


This, 
ting 


-d.c. 


be 
a.c. 


The 
se to 
> that 
rrent 
volt- 
.citor 
ered, 
value 
s the 
for a 
state, 
irged, 
R, is 
. The 
juring 
ill be 


ce the 
t will 
s effi- 
active 
s fast 


for per- 


1960 








D.C. ELECTRONIC ANALOGUE COMPUTERS 
are now widely used for investigating a 
variety of engineering problems, and pro- 
vide facilities for simulating systems and 
apparatus without the manufacture of 
expensive prototypes. Their high speed, 
accuracy and flexibility enable them to 
operate at the speed of, or faster than, 
the physical system being studied, and 
permit rapid evaluation of the effects of 
varying the system parameters. 

The physical variables of the system 
are represented by varying electrical 


Feedback 
impedance 






Input 


Zo 
impedance 2 


Input V, Summing Outpet Yo 


junction 


Fig. 1 General feedback computing 


circuit 


voltages (generally within the range 
*+100V) which obey exactly the same 
equations. Since the independent variable 
on the computer is time, the most con- 
venient application is the analysis of the 
dynamic behaviour of systems, but 
steady-state solutions may readily be 
obtained. The easiest problems involve 
only linear differential equations, but 
simple electronic circuits may be used to 
handle various non-linearities such as 
backlash, dead zones, and saturation. 
Other circuits are available which pro- 
duce a signal representing the product 
of two voltages. 

The size of an analogue computer de- 
pends upon the complexity of the prob- 
lems handled; about six amplifiers will 
suffice for a third-order differential equa- 
tion with one variable, whereas several 
hundred amplifiers may be required to 
investigate in detail the vibration of an 
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conrnor. | SURVEY 


D.C. AMPLIFIERS FOR COMPUTERS 


by J. C. CLULEY 


Birmingham University 


aircraft in flight, or the temperature dis- 
tribution within a nuclear reactor. 

Analogue computers are generally 
organized as a number of linear com- 
puting units, which perform simple 
mathematical operations such as sum- 
mation, multiplication by a constant, and 
integration, and a smaller number of non- 
linear units. These, together with gen- 
erators to represent various input sig- 
nals, and recording and indicating meters, 
are interconnected by flexible leads on a 
patch-panel or plug-board which re- 
sembles a manually-operated telephone- 
switchboard. The remainder of the equip- 
ment consists of power supplies, and con- 
trol and switching facilities. 


The linear computing unit 

The linear computing-unit comprises 
a number of resistors and capacitors, and 
a high-gain d.c.-amplifier connected in 
the voltage negative-feedback circuit of 
Fig. 1. In this arrangement the accuracy 
of the computation depends almost en- 
tirely upon the accuracy of the impe- 
dances Z, and Z,, and very little upon 
the gain of the amplifier, if this is large. 
The nature of Z; and Z, depends upon 
the computing operation required, the 
two most important functions of sum- 
mation and integration being shown in 
Figs. 2 and 3. Here only two inputs are 
shown for clarity, but more may be used 
if necessary. 

In addition to high gain, the amplifier 
should have a high input impedance, so 


Fig. 2. Summing circuit 
Ro 





Output % 


Ro Ro 
ve [Rew — Y, | 
o= Ai i+ Ra 2 


as to avoid loading the impedances Z: 
and Z,; a low output impedance, so that 
the output voltage is almost independent 
of the load; and a sign reversal, so that 
a positive input-signal generates a nega- 
tive output-signal. It is also necessary to 
control the rate at which the gain falls 
above the working frequency band, so as 
to avoid instability. The safety margin is 
usually indicated by the amount of capa- 
citive loading which may be connected 
across input and output terminals before 
oscillation occurs. This is indicated in 
c 
Ri 
Ra 


y; Output % 


| | 
Vo =-|— [V,dt+— IV. 
o Pa +t, xa 


Fig. 3 Integrating circuit 
the table, generally with 1-MQ input and 
feedback resistors. 

It is also necessary for the amplifier 
to be free from ‘ offset’ or zero error, 
so that the output terminal is at earth 
potential when the input is also at earth 
potential. Under the above conditions the 
output and input voltages V, and V; 
of the general circuit of Fig. 1 obey the 
relation : 

Reo dr, sos GQ) 
i 
Correction of zero-drift 

At least three stages of voltage ampli- 
fication are required to yield the overall 
gain of 20,000 or more necessary for 
precise computation, which should be 
maintained over a frequency ranging 
from 0 to 30-100c/s. Unfortunately, 
although the zero of such an amplifier 
can be set accurately at the start of a 
computing run, it will drift slowly, owing 
continued on p. 114 
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to changes in valve and component 
characteristics. This drift will cause un- 
acceptable errors in a lengthy solution, 
particularly if many integrators are used. 
It is therefore general practice to provide 
continuous zero-drift correction for all 
accurate computing work, by using an 
auxiliary drift-free amplifier as shown 
in Fig. 4. Any zero-drift which occurs 
will result in a signal at the summing 
junction, on account of the voltage feed- 
back through Z, and Z;. This is ampli- 
fied by the auxiliary amplifier and fed 
back into the input stage of the main 
amplifier as a drift-correction signal. By 
this means the zero-error may be reduced 
by a factor of 200-1000, the limit gen- 
erally being the residual errors of the 
correction amplifier, This is usually an 
a.c. amplifier handling signals modulated 


Input Output 


Amplified 
drift 
signal 





Auxiliary + 
drift-correction ~ 
amplifier 


Fig. 4 Basic circuit of drift-corrected 
computing amplifier 


by a polarized ‘chopper’ relay, which 
also demodulates the amplified signal. 
After smoothing, the signal is fed back 
to the input stage of the main amplifier 
with the polarity arranged to correct the 
zero-drift. The high degree of smoothing 
needed to eliminate ripple at the chop- 
ping frequency causes a time lag of 
several seconds in the amplifier response, 
but since zero-drift signals are much 
slower than this the amplifier perform- 
ance is satisfactory. 

This drift-correcting technique reduces 
the zero-drift from a figure of several 
millivolts per hour for an uncorrected 
amplifier, to a typical long-term value of 
100zV referred to the input terminal. 

A consequence of the arrangement of 
Fig. 4 is that both amplifiers are in cas- 
cade at very low frequencies, so that the 
d.c. gain of the complete unit is of the 
order of 10°. This falls to that of the 
main amplifier alone, usually 104-105, at 
frequencies above about 0-2 c/s, at which 
the drift-correcting amplifier is inopera- 
tive. 


Effect of grid current 

All amplifiers inject a small current 
into the summing junction from the 
first valve in the main amplifier and the 
chopping circuit, generally classed as 
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effective grid current in amplifier spe- 
cifications. This produces errors, parti- 
cularly a constant rate of change of out- 
put-voltage V. in integrating circuits, 
given by the relation: 


dv. iz 
= — V/sec ase 
dt Cc 





where i, = effective grid current (A), and 
C=value of integrating capacitor (farads); 
consequently some manufacturers specify 
the drift rate for a given capacitor 
(usually 14F) instead of the value of 
ig. This drift rate determines the maxi- 
mum duration of a computing run with 
a prescribed error: e.g. a 1-V error 
(1% in a 100-V system) arises in 163 
min. using a 0-1-4F capacitor with the 
typical grid current of 10-1° A. 


Use of transistors 

On account of a number of difficulties, 
such as low input-impedance and low 
voltage-rating, the transistor compares un- 
favourably with the thermionic valve as 
the active element of a computing ampli- 
fier. It also suffers from the temperature 
dependence of some parameters, notably 
the collector leakage-current when the 
emitter is biased to cut-off, and the 
input base-to-emitter voltage when pass- 
ing a given current. Nevertheless, its 
inherent advantages of small size, light- 
ness, low power-consumption, reliabi- 
lity and robustness make it an otherwise 
very attractive choice, and the recent 
availability of silicon transistors, with 
leakage currents of 10-® A (several thous- 
and times below that of germanium tran- 
sistors), has permitted the design of tran- 
sistorized amplifiers of adequate perform- 
ance as regards drift- and input-current. 
Also, high-voltage transistors are now 
available to permit output-voltage ampli- 
tudes of + 30 V. 

A further advantage of the transistor 
is that it can be used as a switch, to 
replace the chopper relay. Although the 
short-circuit resistance is larger, and the 
open-circuit resistance smaller than that 
of the relay, there is no mechanical limi- 
tation to the speed of operation, so that 
much faster chopper-amplifiers may be 
constructed, and no maintenance is re- 
quired. This technique is used in two 
of the three transistorized amplifiers in- 
cluded in the table. At the present time 
the transistorized amplifier cannot com- 
pete with the thermionic-valve amplifier 
where the utmost accuracy or very long 
computing runs are required, but for 
most engineering applications, where 
input data suffer from some uncertainty, 
its performance is more than adequate. 
For special-purpose computing, where 
space, power, and weight are at a pre- 
mium, as in many airborne applications, 
the transistorized computing-amplifier has 
clear advantages. 





Form of construction 

Most amplifiers are constructed on 
printed-circuit boards, with plug con- 
nexions for signal leads and power sup- 
plies, complete with auxiliary drift-cor- 
rection amplifier, There are, however, 
variations from this. For example, Louis 
Newmark fit two amplifiers, sharing a 
common chopper-relay, on one circuit 
board, and Airmec supply the main 
amplifier and drift-correction amplifier on 
two different chassis. The main amplifier 
alone can then be used for the less oner- 
ous duties, such as sign reversal, or both 
units used together to constitute a drift- 
corrected operational amplifier. Also, 
since both polarities of a signal are fre- 
quently required, English Electric incor- 
porate a separate amplifier in their com- 
puting-amplifier chassis as a sign-revers- 
ing or buffer amplifier. For a small com- 
puting-installation, Bruce Peebles incor- 
porate some switched computing-impe- 
dances and an optional diode limiting- 
circuit in their simple operational ampli- 
fier. Several amplifiers have arrangements 
to increase the available output current 
by operating a switch or making external 
connexions. This ‘ boost’ facility should 
be used only when necessary as it re- 
quires extra current from the h.t. lines. 
Where particularly heavy currents are 
required, of the order of 50 mA, it is 
more convenient to produce an alterna- 
tive amplifier with a high-current output- 
stage (E.M.I. Electronics) or an addi- 
tional high-current output-stage to use 
in conjunction with a standard amplifier 
(Solartron). 

The provision of overload indicators, 
and facilities for setting the zero accur- 
ately (preferably controlled from the 
front panel), simplify the use and setting- 
up of computing networks. 


Power supplies 

All computing amplifiers require at 
least two electronically stabilized ht. 
supplies, typically + 300V; a third supply 
at — 170V or — 500V is used in some 
cases, generally simplifying the design 
of the final amplifier stages. A-E.I. use 
only a few milliamperes from stabilized 
supplies, the bulk of the h.t. supply being 
unstabilized. 

Heater supplies need not be stabilized, 
but zero-drift can be reduced if a con- 
stant-voltage transformer is used. As 
these require isolation, one or two 
separate heater-windings are required for 
each computing amplifier. Most manu- 
facturers produce standard power-units 
to supply a number of amplifiers, 
together with housings into which ampli- 
fiers may be plugged, and power wiring. 

The amplifiers included in the table 
range from simple amplifiers for inex- 
pensive computers, to fully-drift-cor- 
rected very-high-gain units for large- 
scale high-precision computers. 
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As well as the regular news-letter 
from our special correspondents in the United States, 
we have this month two reports from 
British visitors there 


Look at America 


This month: servo-valves—backlash—mechanical amplifier—gyroscopes—J.A.C.C. 
Conference—self-organization—synchros 


Electrohydraulic 
servo-valves 


Within the last few years, several new- 
comers have entered the highly com- 
petitive electrohydraulic servo-valve 
field with strikingly unique products. At 





Fig. 1 Atchley valve—arrow indicates 
force feedback to jet pipe 


the same time, of course, the older com- 
panies have been progressing rapidly in 
the improvement and expansion of their 
line of high-performance valves. 

Among the newcomers is Raymond 


D. Atchley, Inc., which offers a two- 
stage valve employing a jet-pipe pre- 
amplifier (/) (Fig. 1). The preamplifier, 
or first stage, acts as a frictionless high- 
gain force-feedback servo-mechanism to 
control the second stage. In the null 
position shown, a very small amount of 
fluid flows continuously from the pres- 
sure cavity P, through a flexible pipe 
connected to the armature of the torque 
motor, and out of the single jet. When 
a differential current is applied to the 
torque motor, the jet pipe moves toward 
one of the two receiver ducts, causing 
an unbalanced force on the piston. As 
the piston moves, a_force-feedback 
spring connected to it transmits a 
counteracting force to the jet pipe. The 
piston comes to rest when the force ex- 
erted by the feedback spring balances 
the force produced by the torque motor, 
and the jet pipe is again symmetrically 
positioned. One of the most important 
features of the valve is its ability to pass 
200-4 particles through both first and 
second stages. 


Coil no.! 
Fig. 3 (right) Servo- Flapper 
valve with flow 


feedback 


Fig. 2 (left) Kearfott 
valve. 1 Balanced- 
armature. 2 Torsion- 
rod pivot. 3 Filter 
screen. 4 Magnetic 
trap. § Fixed orifice. 
6 Metering spool. 
7 Shear seal cover- 
ing variable orifices. 

8 Torque motor. 

9 Stabilized body 

and sleeve assembly. Orifice 
10 One-piece sleeve 













Nozzle no.! 






Check valve 





















Another newcomer, the Kearfott Com- 
pany, Inc., offers a two-stage valve with 
a ‘shear-seal’ preamplifier as the first 
stage (2). Fig. 2 illustrates the operation 
of the valve. Fluid from the input port 
passes through a screen and then 
through fixed orifices to chambers at 
each end of the spool. Passages in the 
spool lead to two variable orifices at 
either side of the centre. Varying the 
current in either torque-motor winding 
displaces the armature, and thus the slide 
fork, resulting in a differential pressure 
which repositions the spool. A new 
equilibrium among pressures in the load 
ports, drain port, and the supply is 
then established. At null, the slide fork 
closes the variable orifices. The ‘ one-to- 
one follow-up’ characteristic of the 
valve is said to result in an inherent 
dither without requiring a modification 
of the electronic amplifier. 

Particularly striking among the new 
valves is the ‘ flow-control’ valve devel- 
oped by Dr S.-Y. Lee of the Massa- 
chusetts Institute of Technology in co- 
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operation with Pesco Products Division, 
Borg-Warner Corporation. In contrast 
to conventional servo-valves, which 
operate on the principle of controlling 
the position of a precision-made four- 
way or three-way valve, with the hope 
that the flow rate will follow accurately 
the input signal to the valve, the ‘ flow- 
control” valve represents an entirely 
novel approach to servo-valve design. 
This new device, which uniquely em- 
ploys flow feedback, is said to eliminate 
the necessity for a high-precision valve, 
to give a greater life-expectancy for the 
valve, and to minimize the effects of 
load-pressure, exhaust-pressure, and 
supply-pressure variations. The opera- 
ting principle of the valve is best under- 
stood by referring to Fig. 3. Five major 
components make up the valve: (a) A 
torque motor which produces a torque 
proportional to an electrical input, (b) 
a first-stage preamplifier (a flapper- 
nozzle valve configuration used in this 


Position of spool 


Flapper nozzle | 
Input signal valve 


(force) 
— 





F.B.force 


Characteristic 
of 
2nd-stage valve 


Flow meter 
characteristic 


acteristics that compare favourably with 


those of other available high-perform- 
ance valves. 

For several years, servo-valve manu- 
facturers have known that the slope of 
the steady-state pressure-flow curves is a 
measure of the damping in a system 
employing the valve. One might then 
question whether the flow-control valve, 
with its typically flat pressure-flow 
curves, can have a stable operation in 
the absence of other forms of damping. 
In a paper presented at the recent Ifac 
Congress in Moscow, S.-Y. Lee analyses 
the dynamic performance of the flow 
feedback valve used in conjunction with 
a pure inertia load (4). The author shows 
that when the flow-control valve is used 
to control the speed of a pure inertia- 
type load, the damping due to the slope 
of the pressure-flow curve of the output 
stage of the valve (for a constant dis- 
placement input) still exists even when 
the slope of the pressure-flow curve of 


Fiow rate 








Fig. 4 Simplified 

block diagram of 

servo-valve with 
flow feedback 





Flow meter displacement 


particular case), (c) a second-stage valve 
(spool type) which regulates the flow to 
the load, (d) a pair of area-type flow- 
meters which senses the rate of flow to 
the load, and (e) a pair of feedback 


springs which feeds back the flow signal . 


and completes the loop. The flowmeters 
used are simple, accurate, linear, and 
have a very fast response rate. Although 
the high performance of the flowmeters 
depends on a relatively large drop 
across the meter, this pressure-loss is 
only a few per cent of the supply pres- 
sure of a typical high-pressure system. 

The operational diagram of Fig. 4 
best explains the role of the flowmeter. 
Since the first-stage valve is an ampli- 
fier of very high gain, the steady-state 
output-flow-rate from the valve is 
almost entirely dependent on the per- 
formance of the feedback loop. Thus, if 
the output flow rate is to vary linearly 
and accurately with the input signal, the 
flowmeters and feedback springs must be 
linear and accurate. 

An extensive analytical and experi- 
mental program conducted to evaluate 
the flow-control valve has been well 
documented in the recent literature. In 
a paper by Bahniuk and Lee, a descrip- 
tion of the construction and no-load 
Performance of the flow-control valve is 
given (3). In addition to its many ad- 
vantages over conventional servo-valves, 
the flow-control valve is shown to have 
steady-state and dynamic-response char- 
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the complete valve (with constant input 
signal) is practically zero. Although this 
particular type of damping is somewhat 
less than that available with a typical 
position-feedback-type valve, the differ- 
ence is small when the inertia load is 
small. 

A very recent addition to the servo- 
valve field from one of the older com- 
panies, Moog Servocontrols, Inc., is a 
subminiature two-stage valve weighing 
only 5-12 ounces. The valve employs a 
flapper-nozzle preamplifier and a sec- 
ond-stage spool. Maximum flow capacity 
of the valve is 3 gal/min at 3000 lb/in?. 


Elimination of limit cycles 


resulting from backlash 


A technique for dealing with control- 
system instabilities and limit cycles 
caused by backlash has been proposed 
recently (5). Using a describing-function 
representation of the backlash element, 
its characteristics can be plotted in a 
Nyquist diagram along with the fre- 
quency-dependent components of the 
system. A simple system might be repre- 
sented by Fig. 5, which is modified to 
the form of Fig. 6 in order to separate 
the linear and non-linear portions of the 
loop. In either case, however, the con- 
dition for marginal stability is 
1+GN=0 or G=~—1/N. 

Hence the intersection in a Nyquist plot 
of the curves for G(jw) and —1/N 


Fig. 5 Typical control loop containing 
a non-linear element (N) 





Fig. 6 Modified representation of con- 

trol loop, separating linear and non- 

linear components. N is the describing- 

function representation of the non- 
linearity 


determines the existence of a limit cycle 
(which may or may not be stable). The 
plot of — 1/N will depend on the ampli- 
tude of the sinusoidal input applied to 
the system, and the ‘width’ of the 
backlash or hysteresis, as defined in 
Fig. 7. 

Fig. 8 is a Nyquist diagram for the 
loop shown in Fig. 5, under the assump- 
tion that the linear elements in the 
system are of the form G = G,G,G, = 

K(1 + as) 


x1 + bs) (1 + cs + ds?) 

sented by the describing function for 
the characteristic of Fig. 8. The inter- 
section of G(jw) and —1/N indicates 
limit-cycle behaviour at we. The curve 
labelled G (jw) represents the linear ele- 
ments of the system as modified by the 
addition of a lead-lag network. For this 
situation it is seen that no intersection 
occurs at all, and the system will be well 
behaved at all frequencies. Hence linear 
compensation is one method for alleviat- 
ing the effect of the non-linearity. 

It is easily imagined that for other 
forms of G(jw), ordinary linear compen- 
sation may not affect the Nyquist plot 
sufficiently to avoid an intersection with 
the — 1/N curve. For such situations, a 
second technique, called non-linear com- 


Output 





, and N is repre- 






input 


Fig. 7 For a development of 
the describing function per- 
tinent to this only-too-fami- 
liar characteristic of ‘ back- 
lash’ or ‘hysteresis’, see 
reference 8 


Imaginary 
Fig. 8 Nyquist plot 


of linear and non- 
linear loop elements 
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G’= 6G; 


Fig. 9 Proposed application of non- 
linear compensation technique 


pensation, is proposed as illustrated in 
Fig. 9. In this loop, a limit cycle will 
occur when 1 + NG,G,G, + N’G.G' 
= 0. If G’ = G,G,, then this condition 
becomes — 1/[N + N’] = G,G,G,. Now 
notice that if N’ = 1 — N, the effect of 
the non-linearity is completely nullified, 
and the ordinary Nyquist criterion for 
instability (open-loop gain = 1, open- 
loop phase = 180°) pertains. 

It is of interest to study the case 
N’ = X(1 — N), where X is a number 
between 0 and 1, and hence represents 
the percentage of non-linear compensa- 
tion. To illustrate system behaviour 
under this condition, the plot in Fig. 10 
is made. In this case, G(jw) remains 
constant, and the various curves of 
1/[N + X(1 — N)] are plotted with X as 
a parameter. In a large sense, Fig. 8 is 
merely a special case of Fig. 10 for the 
condition X = 0. As before, an inter- 
section indicating a limit cycle occurs 
for X = 0, but it is seen that stabiliza- 
tion can often be obtained by providing 
only a relatively small amount of non- 
linear compensation. 

Schemes that employ ‘modelled’ 
components (such as N’ in Fig. 9) in the 
feedback loop have also been proposed 
by other researchers. Reswick (6) sug- 
gests the use of a dynamic model of the 


Imaginary 


10) 3 =Nyquist 
plot of linear and 
non - linear loop 
elements of Fig. 9, 
showing effect of 
varying X 


controlled linear process in order to re- 
duce the effect of load disturbances. This 
method is also discussed by Smith (7), 
who—in addition, illustrates the exten- 
sion of the method to non-linear sys- 
tems. It is of interest to note that all of 
these schemes involve positive feedback 
through the ‘ model ’. 


Mechanical power amplifier 


A simple mechanical power amplifier 
has been developed, the operation of 


which is derived from the capstan 


principle as shown in Fig. 11 (9). If the 
coefficient of friction between cable and 
drum is f, and 8 is the total angle of 
cable wrap, then T, = T, expf8. The out- 
put speed and force can be varied by 
relatively low-power-level adjustments of 
the input force. Also, it is noted that if 
the input is moved to a new position, 
the output will follow exactly. In the 
product commercially available a pair 


Orum 
Motor 


T,=TLe” 

Weight 

Capstan principle of torque 
amplification 


Te 
Fig. 11 


of counter-rotating drums driven by the 
same motor provide output motion in 
either direction. Torque amplification is 
500:1, and power output is approxi- 
mately } h.p. 


Gyroscope development 


A new miniaturized floated gyroscope 
demonstrated recently by Minneapolis- 
Honeywell claims a 10-to-1 improvement 
in drift rate and a 30-to-1 reduction in 
noise (/0). Two developments are respon- 
sible for the large improvement: a 
helium-gas bearing for the spin motor 
and ceramic parts for the gimbal struc- 
ture and spin-motor stator. The gyro- 
scope can be miniaturized, even with a 
gas bearing, because the spin motor has 
ceramic journals. 

A gas-driven displacement gyroscope 
containing only four moving parts has 
recently been developed as a reference 
instrument for short-range missiles, 
drones, and target vehicles (//). Accord- 
ing to designers, the gyroscope can out- 
perform any other gas- or spring-driven 
example and offers a high degree of re- 
liability at a fraction of the cost of 
conventional gyroscopes. At the start of 
a mission, its hot-gas drive, a liquid or 
solid propellant, accelerates the gyro- 
scope to high speed and it automatically 
uncages. In flight, the gyroscope oper- 
ates in a coast-down mode for the 
duration of the mission. 


Joint Automatic Control 
Conference 


The Joint Automatic Control Confer- 
ence for 1960 will be held at the Massa- 
chusetts Institute of Technology, Sep- 
tember 7-9; major responsibility for 
organization of this year’s conference 
has been assumed by the American 
Society of Mechanical Engineers. The 
other participating societies are the 
Institute of Radio Engineers, American 
Institute of Electrical Engineers, Instru- 
ment Society of America, and American 


Institute of Chemical Engineers. Held 
each year, the J.A.C.C. is the only 
national inter-society control confer- 
ence in the U.S. A selected list of the 
technical sessions includes Optimal 
Switching, Chemical Process Dynamics, 
New Techniques in Control System 
Theory, Adaptive Control, Control Com- 
ponents, Non-linear Systems, and a re- 
port on the Ifac Congress held in 
Moscow in June. A total of 61 papers 
is scheduled for presentation. 
Your American Correspondents 
J. LOWEN SHEARER, ROBERT S, SCHER, 


KARL N, REID, JR. 
Massachusetts Institute of Technology 
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Self-organization 


For many people who know anything 
about cybernetics, the subject first be- 
came alive in 1948 when Norbert Wiener’s 
book was published. In that book, the 
famous mathematician gave an account 
of the events of the previous five years 
that had led up to the recognition of a 
science of control and communication 
which would be interdisciplinary—especi- 
ally as between the physical and the bio- 
logical sciences. For had not nature 
devised control systems, culminating in 
the brain of man, of a subtlety that phy- 
sics and engineering had never seriously 
conceived? And might it not prove pos- 
sible to unravel some of the principles 
involved in rigorously scientific terms? 

A year later, in 1949, the first of a 
series of five books appeared: the pro- 
ceedings of the sixth annual (American) 
conference on cybernetics. The editor of 
the proceedings, and of those that fol- 
lowed, was the physicist Heinz von 
Foerster, a professor of the University of 
Illinois, and himself one of the pioneers. 
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All these early books were delightful, 
discursive, and somewhat dilettante for 
most of those involved were acknow- 
ledged authorities in their own personal 
fields, and probably none would have 
called himself a ‘cybernetician’, as a 
few do today. 

Since then, cybernetics has grown 
auspiciously: as a corpus of knowledge, 
as a repository of theory, as a field of 
practical achievement. The science has 
many branches and many aspects, but at 
least one issue has emerged as of para- 
mount importance, It is this: very large, 
very complex, very probabilistic systems 
defy the sort of identifications and analy- 
sis which alone would make them 
susceptible to orthodox control theory 
techniques; if they are organized, they 
themselves must supply the organiza- 
tional power. The concept of the sel/f- 
organizing system had crystallized out. 
Several workers had written about this 
explicitly. The notion had also gained 
ground and currency among cybernetic 
professionals at the first two international 
conferences (1956, 1958) on cybernetics 
which were sponsored by Belgium, and 
the important N.P.L. symposium (called 
The Mechanization of Thought Processes) 
held at Teddington in 1958.* 


Wlinois Symposium 


This was the setting, and this the sub- 
ject, for the meeting convened from 
June 7th to 11th this year at the Univer- 
sity of Illinois, Urbana, Illinois. The 
sponsor was the U.S. Office of Naval 
Research, to which all present were 


heavily indebted; but it was von Foer- _ 


ster’s symposium, There could have been 
no more appropriate convenor; nor could 
a more appropriate speaker have been 
found to open the proceedings (and sub- 
sequently to lend his august yet sympa- 
thetic presence to them) than Warren 
McCulloch. For he had been Chairman 
of the whole series of the original Ameri- 
can conferences, and had been a pioneer 
of cybernetic work (it must be acknow- 
ledged) long before the name was offi- 
cially selected. 

The thirty members of the symposium 
were all protagonists in the field, or 
specialists in closely related areas, who 
between them must have represented 
most branches of human knowledge that 
bear on this problem. They were all 
specially invited: there was no general 
audience, Four of them came over from 
Britain. The whole group was installed 
by the university 25 miles away from 
Urbana itself in a mansion set in a park: 
as a cybernetic house party it was a huge 
success, Unfortunately, the formal pro- 
ceedings alone were recorded, but these 
will be published (by Pergamon Press) 
a8 soon as may be. 


es 
*See Control, March 1960, pp. 107-9, for R, A. 


er’s review of the published proceedings.— 
EDITOR. 
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posium may be gained by considering 
first a whole session in the field of net- 
work theory. One of the formal ways of 
tackling a self-organizing system is to 
think of it as a network of neurons. 
After all, the brain is a composition of 
such nerve cells (101° of them), and the 
way the brain organizes itself to produce 
its familiar aptitudes is a topic worthy 
of study. Many people have worked on 
the problem of defining an artificial 
neuron in terms of logic, and of defining 
the connexions between neurons (some 
inputs tending to excite and some to in- 
hibit the receiving cell) in a similarly 
rigorous way. Perhaps the leading expo- 
nent of this approach is McCulloch him- 
self, who chaired this session of four 
papers—all contributed by members of 
his own group at M.LT. 

Leo Verbeek spoke about neuronal 
nets designed to minimize error in the 
transmission of information. Techniques 
for this purpose are based (as in the 
brain) on highly redundant networks, 
and it is many years since von Neumann 
demonstrated mathematically a possible 
mechanism which would cope with the 
‘death’ of component neurons. There is 
no doubt that the M.I.T. work has vastly 
improved the efficiency of this mechan- 
ism, and Verbeek set out to show, in 
addition, how their nets would grapple 
with ‘ fits’ as well as ‘deaths’, But what 
of the merely unreliable component, the 
bane of the control engineer? Manuel 
Blum went on to describe infallible nets 
built entirely of unreliable neurons. 
There is now proof that information can 
still be transmitted up to an arbitrarily 
high degree of accuracy. 

Now to construct a_ self-organizing 
system of neuronal nets, it is necessary 
to set up a homeostatic system of the 
kind rigorously described by Ross Ashby 
in his Design for a Brain. Jack Cowan 
dealt with this phase of the business, and 
explained his theory of its logic. Most 
of the extant work in network theory 
(particularly of the relatively elementary 
kind used in computer technology) uses 
a Boolean logic of two valves (0, 1). The 
M.LT. work suggests (and McCulloch 
himself strongly asserts) that the full 
self-organizing system theory can only 
be achieved in terms of a many-valued 
logic such as Cowan discussed. Finally, 
Lars Lofgren talked about this very diffi- 
cult problem: given uninterrupted and 
accurate computation with unreliable 
neurons, and with networks which incor- 
porate both deaths and fits, what happens 
when so much has gone wrong that re- 
pair is essential? His answer, naturally, 
is that the system must be self-repairing; 
and he described a logic for this beha- 
viour which would not cause a stoppage. 

This symposium was international, and 
although these four men all presently 


Something of the flavour of the sym-_ 


work at M.LT. it is worth noting their 
nationalities, respectively: a Dutchman, 
a Venezuelan, a Scot, and a Swede. Ross 
Ashby himself is, of course, British; he is 
surely the leading figure in theoretical 
systematic cybernetics (although he is an 
experimenter too), Thus his unique spot 
on the program, speaking on the princi- 
ples of self-organizing systems, was in- 
evitable. All present clearly regarded his 
survey, which cannot be repeated in this 
note, as inevitably masterly too. That is 
his reputation, 


Pattern recognition 

Another important session dealt with 
the self-organizing approach to the prob- 
lem of pattern recognition—a subject 
which has become somewhat set of recent 
years in a distinctly different mould, (For 
there is nothing very self-organizing 
about linear scansion coupled with a 
diode logic based on Boolean functions.) 
This session, under the guidance of John 
Bowman, a Dean of Northwestern Uni- 
versity and another of the early pioneers, 
was notable for two papers. First, J. R. 
Platt spoke with powerful illumination 
on the perception of pattern by mosaic 
receptors, such as the retina of the eye 
itself. How does such a jumble of unequal 
cells manage to detect a straight line, 
for example? Platt had the convincing 
answer, in a mechanism very unlike that 
normally invoked for an artificially recti- 
linear grid system. He was followed by 
Al Novikoff, speaking about statistical 
invariants of geometrical figures under 
translations and rotations. This was an 
exercise in integral geometry, account- 
ing for pattern recognition by the ran- 
dom superimposition of arbitrary areas 
on arbitrary grids (remember Buffon’s 
needle, the one-dimensional parent of this 
approach, which calculates the value of 
a ?). Rarely can such a tour-de-force 
have been seen and heard in such a 
learned assembly; if a fraction of Novi- 
koff’s brilliance transmits itself to the 
written record, this will be a paper to 
treasure. 


Theory and experiment 

It is pleasing to report that the other 
speaker who completely captured the 
audience intellectually and emotionally 
was an Englishman, Gordon Pask, under 
the chairmanship of von Foerster. He 
gave a long and intricate paper on the 
game-theoretic analysis of self-organizing 
systems, but ranged widely from the 
intricacies of the necessary mathematics 
to the habits of the slime mould—which 
organizes itself by chemical messages, and 
changes its whole organization in the 
course of its reproductive cycle, This 
address gained Pask an ovation, well de- 
served by the inventor of the first genu- 
inely cybernetic machine to be marketed 
as a commercial proposition (the key- 
board teaching machine, by Solartron). 
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Your present correspondent had the 
honour to be chairman. of the session in 
which John Bowman delivered one of 
those childlike yet far from childish ac- 
counts of a seminal experiment with 
(who knows ?) far-reaching consequences. 
He had applied magnetic fields to a vast 
two-dimensional array of tiny toy mag- 
netic compasses—of which he had, he 
said, ‘ bought a pint on the off-chance’. 
His paper, happily entitled Bit Transmis- 
sion Through Linear Arrays of Freely 
Rotatable Dipoles, reflected profoundly 
on the self-organizing properties of such 
a system, commented ironically on the 
impossibility of computing these effects 
on the largest of machines, compared 
casually the patterns produced with those 
of the nervous system, and announced 
sensationally that a polymer constructed 
to imitate this arrangement (with amino- 
acids attached in place of the dipoles) 
ought to have staggering properties as a 
dielectric. George Zopf declared that he 
had already produced such a substance 
for other cybernetic purposes, Other key 
papers in this session were by Saul 
Amarel on automatic theory formation 
in logic; H. D. Crane on his ‘ neuris- 
tors’, which offer a new method of 
exemplifying neuronal networks in prac- 
tical hardware; C. A. Rosen, who de- 
livered a most polished résumé of his 
approach to a distributive memory; and 
Peter Green, talking eruditely about the 
flow of information in self-organizing 
systems. 

There is clearly no space here to give 
much more detail, although everything 
was of interest. One recalls the session 
chaired by that eminent economist, F, A. 
Hayek; and the superb paper investigat- 
ing self-organizing systems by scrupulous 
investigation of small social groups with 
allotted tasks, which Anatol Rapoport 
(another early pioneer) delivered with his 
customary fluency and ease. The third 
Briton to be mentioned is R. L. Beurle, 
who spoke about his viable neurons—a 
long-standing contribution to network 
theory. There was a good deal of talk 
about solid-state devices, mixed in with 
so distinguished a lecture as that by 
R. W. Sperry on aspects of design in the 
living brain, Frank Rosenblatt gave the 
latest news of his Perceptron machine; 
and the eminent Ludwig von Bertalanffy 
interposed wise comments on much of the 
proceedings. 


The only industrial application 

The fourth of the Britons, namely the 
writer, contributed the only directly in- 
dustrial application to be put forward, in 
his paper on the cybernetic factory—the 
more general portions of which paper 
were published in Control last June 
(p. 95). It is perhaps relevant to say, how- 
ever, that the full paper as presented 
included a detailed set-theoretic formu- 
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lation of a brain artefact conceived as a 
management aid, and also a chart of a 
year’s ‘encephalograph’ readings of an 
actual company whose ‘ brain’ had been 
simulated by this technique. The paper 
was rewarded by a very lengthy discus- 
sion. 

The purpose of this brief review is to 
attest to the continued good health of 
active cybernetics, to attempt to convey 
some of the excitement that prevailed in 
Illinois among many excellent and dis- 
tinguished international colleagues, and 
to give some impression of the scope of 
the interdisciplinary activity that goes 
to make up our subject. And (if the 
Editor will forgive this) it is also to make 
the hint as clear as possible that the 
printed proceedings ought to be worth 
having. 


The United Steel Co's STAFFORD BEER 


Synchros in the U.S.A. 


The recent symposium on Synchro De- 
sign and Testing held in Washington, 
under the auspices of the U.S. Bureau 
of Naval Weapons, gave an interesting 
insight into current thinking on synchros 
in America. The symposium, which was 
organized to allow a formal exchange of 
views between manufacturers, users and 
the standardizing authorities, was the first 
of its kind to be held anywhere in the 
world, and an invitation was extended 
for a small party of British representa- 
tives to attend and present papers. Since 
there are now more than fifty firms en- 
gaged in synchro manufacture in the 
U.S.A., the response to the symposium 
was so great that the organization was 
almost overwhelmed, and eventually some 
250 delegates attended the formal ses- 
sions. 

This very large response was respon- 
sible for a delay in producing the pre- 
prints of papers, and they were not avail- 
able until the morning of the first session. 
It was probably because of this that the 
discussion on papers was disappointing, 
considering the fact that all the leading 
authorities on synchros were present, and 
much of the useful interchange of ideas 
took place in extra-mural discussions, 


Trend of design 


The trend of design in the U.S.A. fol- 
lows the now conventional pattern of 
smaller size, higher accuracy and higher 
temperature. The size-8 synchro (0-75 in. 
diameter) is now an established item 
available from a number of sources, 
although the requirements of the latest 
specification (MIL-S-20708) have not 
been fully achieved. Details of some pro- 
posed size-5 machines were given in a 
paper by Carlstein of Norden-Ketay; but, 
since the CT, CDX and CX versions 
were all quoted as having nearly equal 
impedances, a system resulting from the 
use of these synchros would not be very 






satisfactory and they are obviously very 
provisional. 

Higher accuracies are being obtained 
in the larger units and study figures indi- 
cate that consistent accuracies of two 
minutes are possible in size-23 machines, 
In resolvers, however, much higher 
accuracies are possible, as was discovered 
later. An interesting machine described 
by Bendix consists effectively of a two- 
speed synchro system in a single size-18 
case, This is achieved by having both 
two-pole and 22-pole windings on the 
stator, with two conventional windings on 
the rotor, With these machines, and suit- 
able circuitry, an accuracy of thirty 
seconds can be obtained using normal 
production tolerances. 

High-temperature operation is receiv- 
ing a good deal of attention, particularly 
with regard to insulating materials and 
mouldings. It would appear, however, 
that the major barrier to progress above 
about 180°C lies in finding suitable bear- 
ings and lubricants, Dry, superfinished, 
ball bearings have been used up to 250°C 
for slow rotation and limited life, but this 
can only be regarded as a temporary ex- 
pedient. 

Several papers were presented on test- 
ing, particularly on the more controver- 
sial aspects of the new MIL-S-20708 
specification, and on standardization, In 
this section the official British contribu- 
tions were presented by C. G. A, Wood- 
ford of the Admiralty and L. G. Atkin- 
son of the Royal Aircraft Establishment. 

The symposium was undoubtedly a 
success and should mark the beginning 
of a series of regular gatherings for the 
exchange of ideas and information. 


Synchros in production 

Following the meetings the author 
spent a considerable time with the Kear- 
fott Division of General Precision Inc. 
studying their production and design 
facilities; in particular their latest plant 
at Asheville, North Carolina, The com- 
pany decided some years ago to site their 
new factory in an area where labour and 
land were more readily available than 
in their home state of New Jersey. After 
careful study; North Carolina was selec- 
ted although it was appreciated that the 
personnel available would initially be 
unused to factory work. 

This bold experiment has paid off, 
however, and the plant now turns out 
over fourteen thousand synchros 4 
month, mostly size-11, although, despite 
the best efforts of the standardization 
authorities, each customer seems to re 
quire some slight modification to the 
standard machine, This has become s0 
widespread that Kearfott have found it 
essential to be able to produce any fe 
quired variant of a type in ninety days 
and the monthly output of 14,000 may 
include as many as 300 different varieties 


CONTROL September 1960 








= 


I 


a 


s.=-F"Fan?’ VoCOOs OES VA geoee zs BOOK ZE FS Pz 


n= 





| very 


tained 
3 indi- 
f two 
hines, 
higher 
vered 
cribed 
1 two- 
size-18 
- both 
nthe 
ngs on 
d suit- 
thirty 
10rmal 


receiv- 
ularly 
Is and 
wever, 


above 


nished, 

250°C 
jut this 
ry eX- 


in test- 
trover- 
}- 20708 
on, In 
ntribu- 


ginning 
for the 
n. 


author 
> Kear- 
on Inc. 
design 
st plant 
e com- 
ite their 
our and 
le than 
y. After 
is selec- 
that the 
ally be 


aid off, 
rms out 
hros a 
despite 
dization 
s to re 
to the 
come so 
found it 
any fe- 
sty days 
)00 may 
varieties 


r 1960 





of synchro. In order to cope with this 
diversity, the tooling must be flexible and 
simple and the widespread use of auto- 
matic equipment, with frequent resetting, 
js uneconomic, Manual work is therefore 
widely used, except in the production of 
basic piece parts, and the jobs have been 
broken down into simple operations suit- 
able for semi-skilled labour. 

With such a fluid production program, 
close engineering control is necessary and 
this is provided by experienced engineers 
on the shop floor whose job is to follow 
the batches at every stage of production 
to see that the correct operations are 
carried out. For production and quality 
control, a comprehensive I.B.M., installa- 
tion is used. This department is fed with 
cards marked by the inspectors on each 
stage of testing and from these the day’s 
production is analysed, This analysis lists 
the acceptances and rejections by type at 
each stage and compares them with the 
previous record, It is thus possible to 


LOOKING 
AHEAD 


Unless otherwise indicated, all events take 
place in London. B.C.S. British Computer 
Society. Brit.R.E. British Institution of 
Radio Engineers. 1.E.E. Institution of Elec- 
trical Engineers. I.Mech.E. Institution of 
Mechanical Engineers. R.Ae.S. Royal Aero- 
nautical Society. §.1.T. Society of Instrument 
Technology. 


MONDAY 5—SATURDAY 10 SEPTEMBER 

2nd International Conference on Operational 
Research. Aix-en-Provence, France. Organ- 
ized by: The International Federation of 


Operational Research Societies, 11 Park- 


Lane, London, W.1. 


MONDAY S—SUNDAY 11 SEPTEMBER 

S.B.A.C. Flying Display and Exhibition, 
Farnborough. 

WEDNESDAY 7—FRIDAY 9 SEPTEMBER 

Joint Autornatic Control Conference, _ 
chusetts Institute of Technology, USA 


MONDAY 12—FRIDAY 16 SEPTEMBER 

A week’s Residential Course on Measurement 
for Automatic Control. University of 
Nottingham. 


MONDAY 12—FRIDAY 23 SEPTEMBER 

The fifth Reactor School course on The 

pono! ma ee je Reactors. 
r emout tion 

Reactor School, Harwell, Didcot’ Berke 6 


MONDAY 12—FRIDAY 23 SEPTEMBER 
Congress of the International Associa- 
tion of Cybernetics, Belgium. Enquiries: 
Secretariat, 1 rue Basse-Marcelle, 
Namur, Belgium. 


Y 13—THuRSDAY 15 SEPTEMBER 
Sth inttcnctional Instruments and Measure- 
ments Conference _ — Stock- 


holm. Details: Beck 
Sukie 2, Soa = 


WEDNESDAY 14—FRIDAY 16 SEPTEMBER 
of the tion Francaise de 
Calcul. Registration: The Secretary, Associa- 
tion Francaise de Calcul, Institut’ Bhar 
physique, 99 bis, Boulevard Arago, Paris 14. 
SATURDAY 17 SEPTEMBER 
Fourth National Students and Graduates 
vention. Computers in Industry. Univer- 
= of Birmingham. Details: M. Honore, 
126 Langdon Road, Knowle, Warwicks. 


10 ay < Yn ge a SEPTEMBER 
ational Power Conference, Bellevue- 
Stratford Hotel, Philadelphia, Penn, U. SA. 
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compare the operation day by day and- 
take action to eliminate a fall in quality. 
Without these controls it is difficult to see 
how such a complex production program 
could be progressed smoothly. In all, 
the plant is an excellent object lesson in 
the production of high-precision compo- 
nents, with labour completely new to the 
work, and of the application of business 
machines to product control, The com- 
pany still produces a large number of 
synchros at its New Jersey plant, especi- 
ally highly accurate instruments for gui- 
dance systems. The trend in this field is 
away from the ‘ three-phase’ synchro of 
standard design and towards the synchro- 
resolver. Because of the basic symmetry 
of this machine and the electrical isola- 
tion of its phases, high accuracies are 
more easily obtained than in the case 
of the synchro. A size-25 ‘ pancake’ re- 
solver having an accuracy of 14 minutes 
is in production, while a special resolver 
of the same diameter, but longer, having 


Founsn: K. J. Falck, Philadelphia Elec. 
, 1000 Chestnut Street, Philadelphia. 
caiiaaine 21 SEPTEMBER—SATURDAY 1 OCT 
Factory Equipment Exhibition, Belle Vue, 
Manchester. Industrial and Trade Fairs. Itd., 

Russell St, Drury Lane, London, W.C.2. 

MONDAY 26—FRIDAY 30 SEPTEMBER 

I.S.A. Instrument-Automation Conference 

and Exhibition. Coliseum, New York. 

TUESDAY 27 SEPTEMBER 

Gas sampling for automatic combustion con- 

trol, 7. _ Hardy: ; Smoke 1k measure- 

ment, by G aycock. S.I 

TUESDAY eee 28 SEPTEM 

Symposium on Automatic Control. I. Mech. E. 

TUESDAY 27—THURSDAY 29 SEPTEMBER 
erence on Ergonomics in Industry. 

Details: Miss H. M. Clay, D.S.1L.R., 14-18 

oe Terrace, Regent’s Park, London, 


rae 27—FRIDAY 30 SEPTEMBER 

posium on Flow measurement in 
io conduit. (Invitation only.) Details: 
National Engineering Laboratory, East 
Kilbride. 


WEDNESDAY 28—FRIDAY 30 SEPTEMBER 

Electronics and Instruments Exhibition & 
Convention, Farmery Hall. Hull. Tickets: 
W. Birtwistle, 78 Shaw Rd, sone Lancs. 


FRIDAY 7—SATURDAY 8 OCTO! 

Aviation Electronics and te. ~ Industrial i oo 
cations. Bristol College of Science and 
nology. Registration: Hon. Secretary, South 
Western Section, Brit.I.R.E., c/o The School 
of Management Studies, Unity Street, 
Bristol, 1. 

TUESDAY 11 OCTOBER 

A brief. surv eS a Heywood. c Auto- 
matic Contr a 
Borough ae Dae G. uh ird, 
Borough Po ic, London, Sr 
TUESDAY 18 OCTO 

A repeat of Ti The _ of Automatic 
corre by G. Heywood. (See Tuesday 11 


TUESDAY 18—FRIDAY 21 OCTOBER 
First Effluent and Water Sesntmens Exhibi- 


tion and Convention. r Hall. Thun- 
derbird Eee Ltd., 40 Cromwell Road, 
London 


WEDNESDAY 19—WEDNESDAY 26 OCTOBER 

Interkama International Congress and Exhi- 

bition for Instrumentation and Automation, 
sseldorf. 

TUESDAY 25 OCTOBER 

Pneumatic Instruments in Process Control 

by N. Robertson. 7.00 p.m. Borough Poly- 

technic. (See Tuesday 11 Oct.) 

TUESDAY 1 NOVEMBER 

Automatic Control of Operations and Pro- 





errors not exceeding thirty seconds, is 
available in.small quantities. 


Same problems but bigger market 


The general impression obtained was 
that the American manufacturers have as 
many problems, and frequently the same 
problems, as their British counterparts. 
They have the advantage of larger mar- 
kets and wider fields from which to draw 
their materials, but the design problems 
remain the same, Much of the more ad- 
vanced work is carried out on Govern- 
ment contract, either directly or indir- 
ectly, and many of the elaborate and 
expensive pieces of: test equipment have 
U.S. Government inventory plates on 
them. British designers, although less 
experienced, can probably match the 
Americans in inventiveness, but in facili- 
ties and equipment they are sadly ham- 
pered because of the relatively small 
home market for their products, 

R. B. Pullin & Co. Ltd Cc. B. FLINDT 


cesses in the Ford Thames Foundry by K. H 
Lee. 7.00 p.m. Borough Polytechnic. (See 
Tuesday 11 Oct.) 


TUESDAY 8 NOVEMBER 
Electronics in Process Control by C. G. 
Seeds and W. Barber. 7.00 p.m. Borough 
Polytechnic. (See Tuesday 11 Oct.) 
TUESDAY 15 NOVEMBER 
Automatic Control of Machine Tools by 
J. W. Smith. 7.00 p.m. Borough Polytechnic. 
(See Tuesday 11 Oct.) 


MONDAY 21—WEDNESDAY 23 NOVEMBER 
International seminar on Analogue compu- 
tation applied to the study of chemical pro- 
cesses, Brussels. Details: R. Vichnevetsky, 
43 rue de la Science, Bruxelles 4, Belgium. 


TUESDAY 22 NOVEMBER 

Automatic Control of Boiler House Plant by 
P. J, Wheeler. 7. p.m. Borough Poly- 
technic. (See Tuesday 11 Oct.) 


TUESDAY 22—THURSDAY 24 NOVEMBER 
ae on electronic telephone exchanges. 


TUESDAY 29 NOVEMBER 

janes Control in the Steel Industr ny 
. Butterfield. 7.00 p.m. Borough Poly- 
c. (See Tuesday 11 Oct.) 


LOOKING FURTHER AHEAD 

MONDAY 9—WEDNESDAY 11 JANUARY 1961 

7th National Symposium on Reliability and 

ay Control. we otel, 
delphia, Pa., 

WEDNESDA Dh eee 17 FEBRUARY 1961 

1961 Saienedennl Solid-state Circuits Con- 

ference. eT Pha of Pennsylvania ont t the 

Sheraton Hotel iladelphia, Pa., U.S.A 


MONDAY 27—FRIDAY 31 MARCH 1961 

3rd National Symposium: on Temperature. 
Its Measurement and Control in Science and 
Industry. Columbus, Ohio. 


TUESDAY 9—WEDNESDAY 17 may 1961. 
International Exhibition of Measurement, 
Control, Regulation and Automation (Mesu- 
cora) and 58th Exhibition of French Physical 
Society, C.N.1.T., Paris. 


MONDAY 26 JUNF—SATURDAY 1 JULY 1961 
eeeeenel eee teed Conference, 
Coal 0), pest. Details: Prof. J. F. 
les, es, Cambie University, Trumpington 
Cambridge, or Imeko Secretariat, Buda- 
a 5, P.O. 


WEDNESDAY 4—THuasDay 12 ocroser 1961 
Second Electronic Computer Exhibition and 
ils: D. C. Scoones, Peat, 


WEDNESDAY Se 10 NOVEMBER 1961 
Conference on —te testing in 
electrical engineering. 1.E.E 
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A monthly review—under basic headings—of the latest control 


engineering developments for all industries; specially edited for busy 
technical management, plant and production engineers, chemical en- 


- - . to INTEGRATION 





Electrical system for recorders 
A new integrating system introduced 
by Honeywell Controls, to work in 
conjunction with strip-chart recorders, 
has a number of interesting features. 
It is basically electrical, and uses a 
conventional slotted disk and light 
source to produce a digital output. A 
subsidiary output from the counter is 
fed back to the recorder, to make 
marks on the chart time-base repre- 
senting equal increments of the inte- 
grated quantity. This arrangement 
allows the integral over any particu- 
lar period to be found without taking 
counter readings—a facility which is 
particularly useful in gas chromato- 
graphy. 

The main components of the system 


24V 








Permanent 
field magnet 


Fig. 1.1 Schematic diagram of the inte- 
grating system 





IDEAS APPLIED ... 


gineers, etc., who are not specialized in instrument and control systems 





are shown in Fig. 1.1. A transmitting 
slide-wire, R, is supplied from a stan- 
dardized d.c. voltage source. The 
moving contact on this slide-wire is 
mechanically connected to the record- 
ing pen, so that the voltage output is 
always proportional to the measured 
value of the variable. This output is 
applied to the armature of motor M. 

By certain departures from normal 
d.c. motor design practice, the motor 
M is made to give a speed-response 
which is accurately proportional to 
the supply-voltage, provided that the 
applied load is light and constant. 
(The most important departures from 
standard practice are the use of a 
permanent magnet for the field, and 
an armature with an ‘air-core’, i.e. 
using no iron. Other mechanical re- 
finements, such as jewel bearings and 
gold-wire brushes, are incorporated to 
eliminate varying friction loads.) 

The motor armature-shaft drives the 
slotted disk D through the gear-box G. 
The disk interrupts a light-beam direc- 
ted at the photo-transistor P,° pro- 
ducing an electrical pulse-output which 
is amplified and used to drive a 
counter. An alternative pulse-output is 
available for feeding to data-reduction 
equipment or digital computers. Two 
advantages result from using this form 
of output from the integrating motor: 
firstly, a light and nearly constant load 
is imposed on the motor, so that its 
accuracy is unimpaired; secondly, 
changes in counting rate can readily 
be effected by changing the disk. 





Two further pulse outputs, initiated 
by the ‘tens’ and ‘units’ sections of 
the counter, energize the solenoids S, 
and S, in the recorder. These solen- 
oids operate pens which show on the 
chart, on opposite sides of a base liné, 
the occurrence of each change in the 
appropriate counter digit. Thus the 
areas under any part of the record, 
however erratic, can easily be found. 


... to DISPLACEMENT 


Differential-transformer transducers 
with d.c. transmission 


J, E, FIELDEN, M.Sc., M.LE.E., and R. G. 
LLOYD, B.Sc., Fielden Electronics 

In basic design, the differential trans- 
former is well known. It comprises a 
core of magnetic material moving in 
a coil consisting of a primary winding 
and two secondaries. When the core 
is in the central position relative to 
the two secondaries, the output from 
these windings is equal, so that if they 
are connected in phase opposition the 
differential output is zero. Any move- 
ment of the core produces a differen- 
tial output from the two secondaries 
and, by care in design, the relation- 
ship between voltage output and core 
position can be made linear. 

This then, is an extremely useful 
component, since it is a true position 
transmitter needing no springs to con- 
vert position to force; it is robust, 
will operate without adjustment or 
attention, and can be constructed so 
that it will work at relatively high 


CONTROL September 1960 





ter 
the 
ins 


ha 
tral 
in \ 
not 


lo; 






itiated 
ons of 
ids §, 
solen- 
yn the 
e liné, 
in the 
is the 
ecord, 
found. 


ENT 





lucers 
R. G. 


trans- 
rises a 
ing in 
inding 
e core 
‘ive to 
| from 
if they 
on the 
move- 
fferen- 
idaries 
lation- 
d core 


useful 
osition 
‘0 con- 
robust, 
ent or 
ted so 
y high 


1960 


temperatures, the only limitation being 
the materials used for the former and 
insulation of the coil. 

In the past, differential transformers 
have been incorporated in industrial 
transmitters but owing to the manner 
in which they have been used they have 
not yet gained wide acceptance. In 
most cases a mains frequency supply 
has been used for the transformer 
itself, so that the inductive reactance 
of the coils is comparable with their 
resistance. Under these circumstances, 
the differential transformer is a very 
inefficient device. The slightest varia- 
tion in manufacturing detail, or change 
in the lengths of transmission leads, 
produces variations in phase of the out- 
put voltage. This makes it extremely 
difficult to pre-calibrate transducers 
and displays so that they are inter- 
changeable, and nearly all installations 
call for individual calibration or 
adjustment on site. 

With a.c. transmission, experience 
has shown that pick-up on the wiring 
can introduce serious zero- and scale- 
errors, which vary with the current 
loading on adjacent power wiring, and 
are not necessarily apparent on com- 
missioning. These and other draw- 
backs have proved so serious that a.c. 
transmission is now generally con- 
sidered unacceptable for process con- 
trol, but as long as suitable equipment 
is available to provide d.c. transmis- 
sion, this is no reason why the differ- 
ential transformer should be dis- 
carded. 

A transmitter using a differential 
transformer can have advantages over 
the force-balance type which is becom- 
ing popular for d.c. transmission, since 
it is less affected by vibration or 
shock. This is particularly so since true 
force-balance transmitters are limited 
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Fig. 2.1 The complete trans- 
mitting equipment. The supply 
and output signal are both 
d.c., a.c. for the differential 
transformer being locally pro- 
duced by the oscillator. A 
rectifier in the amplifier unit 
re-converts the amplified sig- 
nal to d.c. 


to those applications in which the 
force to be measured is comparatively 
small, and of the same order as the 
force which can be developed by a 
coil and magnet. Many so called 
‘force-balance’ transducers use springs 
to convert movement to force, which 
introduces a further source of in- 
accuracy and again makes the trans- 
mitter susceptible to vibrations. 

A system recently introduced by 
Fielden Electronics eliminates these 
troubles by using a differential trans- 
former having a locally generated 
high-frequency supply for the trans- 
former itself, and d.c. transmission to 
the receiving equipment. 

The following design criteria were 
laid down for this system: (1) it 
should transmit d.c. in simple un- 


Fig. 2.2 The oscillator. By 
feeding back the voltage 
developed across the re- 
sistance R, the output 
current to the differential 
transformer is kept con- 

stant D.C. 


screened leads; (2) the d.c. output 
should be available up to 15 mA, to 
make the transmitters compatible with 
other electronic systems; (3) the re- 
lationship of output current to core 
position should be linear; and un- 
affected by variations in supply volt- 
age or line resistance; (4) The trans- 
former should operate satisfactorily 
with cores of small diameter, enabling 
thick-walled tubing to be used for 
high-pressure applications . (Note: 
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the differential transformer core can 
be inside the pressure enclosure, with 
the windings outside); (5) the equip- 
ment should satisfy established stan- 
dards of ruggedness in design and the 
electronic circuit should be housed 
separately from the sensing head, so 
that temperature limitations on the 
electronic components do not restrict 
the applications of the head; (6) the 
equipment should operate at low volt- 
age and low current, so that it can be 
used in areas where an explosion 
hazard exists. 

The equipment developed to satisfy 
these requirements consists essentially 
of an oscillator, a differential trans- 
former and an amplifier (Fig. 2.1). 
The oscillator and the amplifier are 
housed in one unit and are energized 
from the same 12-volt d.c. supply, 
whilst the differential transformer is 
housed separately with the appropriate 
primary measuring element. 


The oscillator 

In order that the equipment should 
be unaffected by variations in the pri- 
mary resistance of the differential 
transformer with temperature, the 
oscillator is designed to deliver a con- 
stant current a.c. output at a frequency 
of approximately 1200c/s. This fre- 
quency was chosen to give the best 
compromise between high mutual in- 
ductive reactance and low capacitive 
shunting. 

The basic circuit is shown in Fig. 


differential 
transformer 


2.2). The transistor amplifier A,, has 
an output circuit incorporating a 
transformer primary winding which 
resonates at approximately 1200c/s. 
One of two secondary windings on 
this transformer supplies current to the 
output terminals and to a resistor R in 
series with the output. The resultant 
voltage across R, which is proportional 
to current, is rectified and compared 
as a direct voltage with a futher direct 
voltage derived from a constant volt- 
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age source, the Zener diode D. The 
difference in these two voltages is ap- 
plied to a transistor ‘chopper’ oper> 
ated at resonant frequency, and the re- 
sultant a.c. output from this chopper 
is fed back to the input of the ampli- 


Amplifier 
A2 


| 


Input 

from 
differential 
transformer 


fier. The operation of the circuit is as 
follows: 

The circuit will oscillate when th2 
feedback is positive and the gain of 
the complete loop is greater than 
unity. Thus the oscillator attains an 
amplitude such that the d.c. voltage 
derived from R is sensibly equal to 
the standard voltage derived from D. 
Any further increase in the voltage 
derived from R beyond this point will 
reverse the phase of the feedback and 
reduce the amplitude of oscillation. 
In practice, the gain of the amplifier is 
such that the d.c. voltage developed 
by the oscillation differs from the stan- 
dard voltage by less than 0:1%. The 
primary current of the differential 
transformer is therefore maintained 
constant, independent of supply volt- 
age, lead resistance and transformer 
winding resistance. 


The differential transformer 


The construction of the differential 
transformer itself follows an estab- 
lished technique which produces good 
linearity. Its performance is greatly 
improved by the use of the relatively 
high frequency of 1200 c/s, at which 
frequency the inductive reactance is 
high compared with the coil resistance. 

A further advantage introduced by 
using this higher frequency is the im- 
proved performance when operating 
with a small-diameter core. When this 
core is of the order of 7, in. diameter, 
the sensitivity is still ample for the 
following amplifier, and the high 
degree of linearity is maintained. This 
allows thick-walled tubing to be used 
to isolate the core in a high-pressure 
area. Since the transformer windings 
are outside the enclosure and are at 
atmospheric pressure, no moving 
spindles or electrical connexions are 
brought out through pressure seals. 
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D.C. output 


Advantages are gained by this feature 
in the design of differential-pressure 
cells, and it also allows a core rela- 
tively light in weight to be used for 
application where only a limited force 
is available. 


Fig. 2.3 The amplifier unit. 

signal The output is rectified before 

transmission to the receiving 
instrument 


The amplifier unit 


This operates off the same 12-volt 
d.c. source as the oscillator, accepting 
an a.c. input and producing a d.c. 
output. A schematic arrangement is 
shown in Fig. 2.3. It consists of a 
transistor amplifier A, with high for- 
ward gain and bridge-rectified output, 
enabling the output d.c. to be fed back 
as a proportional a.c. voltage, this rela- 
tionship remaining constant. The high 
feedback ratio gives the amplifier an 
input impedance of approximately 
150,000 ohms. As the differential trans- 
former secondary resistance is of the 
order of only 150 ohms, a change of 
100% in coil resistance would produce 
an error of only some 01%. Obvi- 
ously normal changes due to tempera- 
ture variation will be only a fraction 
of this figure. 

As the a.c. feedback is related to the 
d.c. output at any output level, the 
amplifier represents a constant current 
source and is therefore capable of 
delivering a current independent of the 
output circuit resistance. 

Extensive tests have been carried out 
on this equipment to ascertain the 
effects of changes in supply voltage, 
temperature and line resistance. These 
tests indicate that for the applications 
envisaged for this transmitter, the 
accuracy will be within + 0-25%. 

The equipment described above is 
the subject of a number of British and 
foreign patents. 


- - - fo LEVEL 


Mechanical level-detector 


Not all materials are ideally suited to 
the electrical and optical methods of 
‘on/off’ level indication which are 
currently popular in  bulk-handling 
schemes. A basically mechanical device 
has recently been introduced by Henry 


Simon Ltd, which may have advan- 
tages in some applications, particu- 
larly for those powdered materials 
which tend to build up on the measur- 
ing element. 

The device relies on the resistance 
produced by the material, whether 
liquid or solid, to the motion of an 


oscillating metal blade. The blade is © 


fixed to a shaft driven by an air motor, 
which is mounted outside the hopper 
or tank. Contact with the material 
exerts a load on the blade, which in 
turn causes an increase in the air pres- 
sure driving it. This increase is used 
to actuate a pressure-switch. The 
switch, which can be adjusted to suit 
different materials, produces an elec- 
trical signal to give the required indi- 
cating or controlling function. 


--- fo TRANSHISSION 


Information by light beam 

An ingenious, if somewhat restricted, 
method of transmitting verbal instruc- 
tions without a cable connexion has 
been introduced by G.E.C., under the 
name of * Optiphone’. Relying on a 
voice-frequency-modulated light beam, 
the system is limited ‘to applications, 
such as overhead travelling cranes, 
where the receiver is either stationary 
or moving in a straight path. 

The transmitter consists of a carbon 
microphone, push-pull amplifier and 
transmitting lamp, the lamp giving a 
parallel light beam which is directed 
at the receiver. The amplified signal 
from the microphone is fed to the 
lamp, which thus gives a modulated 
light output. A 6-V battery applies a 
bias to the lamp to give a suitable 
mean operating intensity. 

At the receiver, the modulated-light 
beam is focused by a lens on to a 
photo-transistor. The output from the 
transistor, which is proportional to the 
intensity of light falling on it, is fed 
to an amplifier. Speech is finally re- 
produced by a loudspeaker which is 
transformer-coupled to the amplifier 
output. 

An advantage of this method of 
communication is that it does not 
suffer from radio interference, and a 
Post Office licence is not required. 


We regret an error in last month's Ideas Applied, 
in the caption to the diagram of the ‘ Contorq’ 
variable-speed gear, at the top of p, 123, The last 
part of the caption should read ‘ the outer ring F 
of the free-wheel’, as in the text, not ‘ the outer 
ring E of the free-wheel '.—EpiToR. 
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PEOPLE 
IN CONTROL 


I visited Elliott’s Borehamwood estab- 
lishment the other day and ran into 
T. M. B. Rybak, just appointed Panel- 
lit’s General Manager. He tells me that 
we are about to hear more of Optimat, 
their process control computer. On the 
same occasion—a pre-Farnborough re- 
view (see also pages 84 to 87)—Cmdr 
H. Pasley-Tyler (Assistant Managing 
Director) spoke of the reasons why firms 
such as his bother themselves with the 
difficult and barely-profitable operations 
entailed in designing aeronautical con- 
trol systems. It appears that they accept 
this because the aircraft industry’s re- 
quirements are of a high standard, and 
they are able to keep the whole Elliott- 
Automation group abreast of advanced 
development by moving engineers from 
the aircraft field into the more down- 
to-earth group-member firms. Inciden- 
tally, I hear from A. M. Alien, Sales 
Manager of Panellit, that O. Smyth has 
been appointed their Systems Sales 
Engineer to specialize in analogue com- 
puters. Smyth was with de Havilland 


Propellers concerned with control sys-_ 


tems and computers for guided weapons. 


Charles A. Escoffery and his 1912 
Baker electric brougham were in the 
limelight ‘last month—a most accom- 
plished performance. Dr _ Escoffery, 
whose parents were English, is now Tech- 
nical Assistant to the President of 
International Rectifier—an American 
company linked with Metal Industries 
through their joint control of Interna- 
tional Rectifier (G.B.). He has been over 
here explaining solar cells to his rather 
less dynamic kinsmen. In spite of Dr 
Escoffery’s successful demonstration of 
his brougham, I feel there is little future 
for sunshine-powered motor-cars in this 
country. 


A keen amateur photographer, Keith 
Lockyer, has been appointed General 
Manager of Donvin Instruments & 
Dumar Optics, the Pullin group’s instru- 
ment, camera and tape-recorder repair 
firms. Lockyer has worked with Solar- 
tron, Plessey and Philips, and was 
appointed General Manager of Victoria 
Instruments when Pullin took them over. 


I hear from Taylor Controls that they 
have formed a Regional Office in Man- 
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by Staffman 


chester to handle the north of England 
and Scotland, a Regional Office in Bir- 
mingham to cover the Midlands, south 
west England and south Wales, and 
opened a new Branch Office in Middles- 
brough to cater for north-east England 
and Scotland. Several new appointments 
are involved. F. W. Phillips becomes 
Technical Sales Manager; R. G. Robert- 
son, Field Sales Manager; J. B. McCor- 
mack, Northern Area Regional Manager; 
E. S. Jerams, Midland Area Regional 
Manager; R. G. Barton, London and 
Home Counties Area Manager; G. A. J. 
Hall, north-east England and Scottish 
Area Manager; G. A, Mead, Technical 
Sales Representative, south-west England 
and south Wales, and N. P. Newton, 
Technical Sales Representative (Chemi- 
cal) London and Home Counties. 


Firth Cleveland Instruments are also 
setting their house in order. They have 
merged their industrial and aircraft sales 
divisions into a single Home Sales 
Department under S. F. Smith—now 
Homes Sales Manager of the company. 
Previously Smith was Home Sales Man- 
ager of the Industrial Instruments Divi- 
sion. H. F. Bagley, who held a similar 
position on the aircraft instruments side, 
is appointed Deputy Sales Manager. 
Bagley is still responsible for sales of 
aircraft instruments but, as Smith’s 
deputy, will also be concerned with in- 
dustrial instruments. 


Fairbanks-Morse and Co. (a subsidiary 
of the Fairbanks Whitney Corp. of New 
York), have recently established an Elec- 
tronics Division, One of its main activi- 
ties will be to market E.M.I. Electronics’ 
products in the U.S., and I discussed this 
with John Tompkins, the new Division’s 
General Manager, who is assistant to 
David Karr, the Fairbanks Whitney pre- 
sident. Tompkins is enthusiastic about 
the prospects of exchange of ideas, and 
quotes Gordon R. Anderson, Executive 
Director of Fairbanks-Morse, as saying 
that ‘E.M.I. products are highly compe- 
titive and technically second to none... . 
there is a great market for them in the 
States.’ 


AUTHORS IN CONTROL 


J. J. Foody (Controlling v.t.o.l. aircraft 
at transition speeds, page 88) graduated 
from Queen’s University, Belfast in 1948 
and joined Short Brothers & Harland. 
He became Short’s Chief Mathematician 
in 1954 and Head of the Analytical De- 
partment in 1957, He was Chairman of 
the Belfast Branch of the British Com- 
puter Society for the year 1959-60. 


J. H. Westcott (co-author with H. H. 
Rosenbrock and J. C. West—below—of 
Control engineering in the U-S.S.R., 
page 92). See page 121, August 1960. 


H. H. Rosenbrock graduated from Uni- 
versity College, London, and served in 
the R.A.F. during the war and until 
1946. He was with the G.E.C. Research 
Laboratories from 1947-48, and teach- 
ing during 1948-49. He then moved to 
the Electrical Research Association, re- 
maining there until 1951 when he joined 
John Brown & Co. In 1954 he trans- 
ferred to Constructors John Brown and 
has been C.J.B.’s Research Manager 
since 1957. Dr Rosenbrock specializes 
in the theory of automatic control and 
its application to the control of pro- 
cesses. 


J. C. West took his electrical engineer- 
ing degree at Manchester University, 
and served in the Royal Navy as an 
Electrical Officer during the last war. 






His interest in automatic control stems 
from work with the Navy’s Anti-sub- 
marine Warfare Branch. He returned to 
Manchester University on the staff in 
1946, and built up a research laboratory 
in servo-mechanisms, specializing in non- 
linear problems of control. Since Janu- 
ary 1958 he has been Head of the 
Electrical Engineering Department at 
Queen’s University, Belfast. In 1952, he 
published the Textbook of servomech- 
anisms (E.U.P.), which is now used as 
a basic text in many universities and 
colleges. His new. book, Analytical tech- 





ANDREW WEST 


niques for non-linear control systems, 
devoted exclusively to non-linear prob- 
lems, will be published this summer. 
Professor West believes that academic 
life should be integrated with industry 
and he is a consultant to A.E.L, British 
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Nylon Spinners and Short Brothers & 
Harland. 

Alexander M. Andrew (Learning in con- 
trol systems, page 99) attended Glasgow 
University from 1942 to 1944, and 1947 
to 194S, graduating in mathematics and 
natural philosophy. The intervening 
three years were divided between a Gov- 
ernment research establishment and an 
industrial organization, developing elec- 
tronic devices, for speech scrambling in 





BOWEN 


SHEARER 


the one case and for production testing 
in the other. From 1950 to 1957 he 
belonged to the Departments of Physi- 
ology and Psychological Medicine of 
Glasgow University, engaging in physio- 
logical research as well as the develop- 
ment of electronic apparatus. Eighteen 
months of this period was spent (on 
leave of absence from Glasgow) with 
Warren McCulloch’s group at the Mas- 
sachusetts Institute of Technology in- 
vestigating the visual system of the frog 
using micro-electrode techniques. Since 
1957 he has been at the National Physi- 
cal Laboratory, engaged mainly on the 
work discussed in his article. Further 
biological work is planned. 

John H. Bowen (Automatic control of 
power reactor systems, page 104) served 
in the R.A., R.M., and R.E.M.E., from 
1939-46. He graduated from Swansea 
with an honours degree in electrical en- 
gineering in 1949. He then joined the 





REID SCHER 

Atomic Energy project of the Ministry 
of Supply, and spent several years mea- 
suring the control characteristics of re- 
actors at Harwell. Later he became a 
member of the design team working on 
Calder Hall, initially at Harwell on the 
technical outline, and later at Risley 
on details of the control and instrumen- 
tation. He is now Chief Technical Offi- 
cer of the Safeguards Division of the 
United Kingdom Atomic Energy Au- 
thority and, as such, is concerned with 
specifying safety standards for reactors. 
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A. J. Sadler (co-author with P. A. 
Turner — below — of The silicon con- 
trolled rectifier, page 108). See page 121, 
August 1960. 


P. A. Turner. See page 121, August 
1960. 


J. C. Cluley (D.C. electronic amplifiers 
for computers, page 111) spent four 
years in the electricity supply industry 
prior to seven years’ service with the 
Royal Corps of Signals. After demobil- 
ization he was in the development lab- 
oratory of Birmingham Sound Repro- 
ducers for six months, before reading 
for an honours degree in electrical en- 
gineering at Birmingham University. 
This was followed by a year's post 
graduate research on valve noise for the 
degree of M.Sc. He then became a re- 
search engineer at the Nelson Research 
Laboratories of the English Electric Co., 
where he was mainly engaged on the 
development of electrostatic storage 
tubes. He spent three years as a lecturer 
at the County Technical College, Staf- 
ford, before returning to the University 
of Birmingham as a lecturer in Electri- 
cal Engineering. Cluley has specialized 
in the field of electronic computing and 
supervised research on a nuclear reactor 
simulator. 


N. G. Meadows (The Nichols chart, 
page 115). See page 173, May 1960. 


J. Lowen Shearer (special American cor- 
respondent with Robert S. Scher and 
Karl N. Reid—below; Look at America, 
page 116), Associate Professor of 
Mechanical Engineering, Massachusetts 
Institute of Technology, is leader 
of the Control Engineering Division of 
the Mechanical Engineering Depart- 
ment. He graduated a B.S. in Mechan- 
ical Engineering from Illinois Institute 
of Technology, Chicago, in 1944 on 
completion of the co-operation program 
which included over four years’ experi- 
ence as an apprentice engineer in the 
Hydraulic Division of Sundstrand 
Machine Tool Co., Rockford, Illinois. 
During the latter part of his time with 
Sundstrand, Professor Shearer was 
closely associated with early work on 
the constant speed alternator drive 
which was subsequently used on B-47 
and B-52 aircraft. After two years’ ser- 
vice in the United States Naval Re- 
serve he commenced graduate studies at 
M.LT., in the Autumn of 1947. Sub- 
sequently, a combination of graduate 
study and teaching and research in the 
design and controls area led to the S.M. 
(1950), M.E. (1952), and Sc.D. (1954) 
degrees. He is currently a member of 
the Dynamic Systems Committee and 
Chairman of the Education Committee 
of the Instruments and Regulations 
Division of the American Society of 
Mechanical Engineers. He is a member 
of the American Society of Engineering 






Education, Tau Beta Pi, Pi Tau Sigma 
and Sigma Xi. 


Robert S. Scher received his Bachelor 
of Science degree in 1956 from Massa- 
chusetts Institute of Technology, Master 
of Science degree in 1958, and Mechan- 
ical Engineer degree in 1960. His Mas- 
ter’s thesis was entitled Theoretical and 
laboratory performance of a pressurized 
journal bearing with positional feedback 
control. He is now engaged on a pro- 
gram of research and study leading to 
the degree of Doctor of Science. Scher 
is research assistant in the Dynamic 
Analysis and Control Laboratory, De- 
partment of Mechanical Engineering, 
M.LT. His paper Development of a gas- 
operated, reaction jet servomotor was 
presented at the I.Mech.E’s Symposium 
on Recent Mechanical Engineering De- 
velopments in Automatic Control. He is 
an instructor at the Lowell Insiitute 
School, Cambridge, Mass., and a mem- 
ber of Pi Tau Sigma, Tau Beta Pi, and 
Sigma Xi. 


Karl N. Reid received his B.S. degree in 
mechanical engineering from Oklahoma 
State University in 1956 and his MS. 
degree in 1958. He entered Massachu- 
setts Institute of Technology in Septem- 
ber 1959 as a candidate for the mechan- 
ical engineer degree. Reid worked one 
year as a full-time research assistant 
and one year as full-time teaching assis- 
tant in the Dynamic Analysis and Con- 
trol Laboratory of M.I.T. His teaching 
activities as assistant instructor include 
courses on basic and advanced auto- 
matic control, and hydraulic and pneu- 
matic controls. His research activities 
have included basic work on hydraulic 
and pneumatic control valves. Reid is a 
member of Pi Tau Sigma, Sigma Tau, 
Omicron Delta Kappa and Sigma Xi. 
Stafford Beer (Self-organization, page 
118). See page 121, June 1960. 

Shearer, Scher and Reid are sending a regu- 
lar news-letter to Control. 
C. B. Flindt (Synchros in the U.S.A., 
page 120) received his engineering train- 
ing at Cambridge University (Clare Col- 
lege), graduating in 1943, and was sub- 
sequently commissioned in the Electri- 
cal Engineering Branch of the Royal 
Air Force. On demobilization he joined 
the Bristol Aeroplane Co., working on 
instrumentation for gas turbines, Fur- 
ther aircraft instrument experience fol- 
lowed with Kelvin & Hughes and Ted- 
dington Controls. Following a digression 
into industrial instrumentation with the 
North Western Gas Board, he joined 
the Research Department of Short 
Brothers & Harland at Belfast. There he 
worked on automatic control of aircraft, 
particularly the S.C.1 v.t.o.l. machine, 
and eventually headed the Electro-mech- 
anical Section. Flindt is now Deputy 
Chief Development Engineer of R. B. 
Pullin & Co. 
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MOTOR CARS ——— 
Bluebird's brake controls 


Further details have been received of 
the various equipments of control 
interest in Donald Campbell’s Blue- 
bird land-speed-record contender, in 
which he is expected to make his 400- 
plus mile/h attempt on September 12, 
or shortly after. It has, of course, the 
Kelvin-Hughes collimated instrument 
display—a combined accelerometer 
and speedometer with indication on 
the car’s windscreen—discussed in 
these columns last month. It is also 
fitted with Didas, Armstrong Whit- 
worth Aircraft’s ‘dynamic instrumen- 
tation data automobile system.’ The 
latter is a telemetry equipment which 
displays temperatures, pressures and 
positions, at eighteen points on the 
engine, gear-box and suspension, for 
observation by engineers in a Land 





Rover which may be fifteen miles - 


away. Exactor main engine and air- 
brake remote controls are used, the 
latter controlling the hydraulic rams 
which operate the flaps forming the 
aerodynamic brakes. 

As braking a four-ton vehicle tra- 
velling at 400 mile/h is no mean feat, 
the wheel brakes are supplemented by 
the aerodynamic brakes mentioned 
above, and Electro-Hydraulics are 
responsible for both systems. The 
braking systems are powered by com- 
pressed air in bottles, the wheel sys- 
tem being pneumatic throughout, in 
order to reduce the risk of fire. It is 
duplicated so that if either system 
fails, the other takes over automati- 
cally and supplies all four brakes 
without calling for action on the part 
of the driver. Air pressure is metered 
to the brakes by a duplex control 
valve operated by the driver’s pedal, 
while a separate hand control applies 
the full operating pressure to the 
brakes for parking. 

In the aerodynamic brake system, 
hydraulic fluid couples the two jacks 
to ensure the maintenance of aerody- 
namic symmetry. A servo-mechanism 
connecting the control lever, the 


CONTROL September 1960 





NEWS ROUND-UP 


selector valve and one of the brakes 
enables the position of the brakes to 
be determined. 


Wheel brakes 

Each of the four wheel-brakes is 
fitted with an unbalanced shuttle valve 
and is actuated by either of the dupli- 
cate supply systems. One system sup- 
plies both the normal large-area sides 
of the front-brake shuttle valves and 
the emergency small-area sides of the 
rear-brake shuttle valves. The second 
system supplies the other sides of 
these valves. If one system fails, the 
shuttle valves of the two brakes which 
it supplies move over automatically 
and the other system will actuate all 
four brakes. 

Each system comprises an air bottle 
and one half of a duplex brake-con- 
trol valve operated by the driver's 
pedal. Solenoid valves interposed be- 
tween the air bottles and control valve 
remain closed until the initial move- 
ment of the brake pedal closes a micro 
switch ; this eliminates leakage from 
the circuit when the brakes are not 
in use. To guard against electrical fail- 
ure, the solenoid valve in one system 
may be by-passed with a manually- 
operated selector valve. 


Aerodynamic brakes 

The two air brakes are actuated by 
two interconnected hydraulic jacks. A 
twin-plunger three-position selector 
valve directs fluid from the supply 
accumulator to the jacks and thence 
to an unpressurized reservoir accumu- 
lator. To extend the air brakes, the 
selector is moved to connect the full- 
area side of the larger jack to the 
supply, and the annular side of the 
smaller jack to the reservoir; fluid 
displaced from the annular side of the 
larger jack flows to the full-area side 
of the smaller jack, which is of equi- 
valent area, so that the movement of 
the two jacks must always be equal. 
Reversal of the selector reverses the 
connexions so that both jacks retract 
together; in the neutral position, all 
connexions are blanked. 

The cockpit control lever operates 





from the world of control 










a master cylinder connected hydrauli- 
cally to an actuating jack which 
drives a linkage connecting the selec- 
tor and one of the brakes. Control- 
lever movement is thus transferred to 
the selector and this supplies fluid to 
the jacks until the movement of the 
brakes, as transferred through the 
linkage, cancels the original displace- 
ment of the selector. 


Simca’s paint shop 


The new paint shop of the Simca 
motor car plant at Poissy, France, in- 
corporates an involved scheme of 
mechanical handling, two production 
lines operating, for the greater part of 






























































































































Simca’s new paint shop has an involved 
conveying scheme by Geo. W. King 
the process, in parallel, yet at widely 

differing speeds. 

Geo. W. King Ltd. provided the 
conveying equipment, their design be- 
ing for an automatic system which 
calls up bodies from the floor below, 
passes them through the various pro- 
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cess and inspection stages, delivers 
them to the trim line and, at the same 
time, supplies advance information to 
lines concerned with later processes. 

An overhead conveyor system is 
used. The loaded trolleys are not fixed 
to the moving chain, but are propelled 
by pusher dogs fitted to the links. This 
allows transfer from one line to an- 
other, storage in live-line or dead-line, 
etc. It also enables the incorporation 
of drop sections in the system for the 
transfer of bodies from floor to over- 
head conveyors. A load trolley moves 
into the drop-section conveyor rail, 
where it is locked. The section is then 
raised ar lowered and the trolley 
moved forward when coupled with the 
next conveyor. 


Eighty bodies an hour 

Bodies fabricated on two floor con- 
veyors are elevated to an overhead 
conveyor by drop. sections, and 
brought into the Paint Shop at a sys- 
tem-speed of 80 bodies an hour. A 
choice of two finishes is provided, so 
the conveyor system operates as two 
separate lines and at differing speeds. 
Before passing on to the feeder con- 
veyor, therefore, limit switches are pre- 
set to distribute the flow of bodies to 
the two lines in the required sequence. 
A three-to-one ratio would mean a 
maximum of 60 on one line, and a 
minimum of 20 on the slower line. 
Leading bodies rest in indexers at the 
beginning of each line before being 
called for initial washing and sanding 
down. They are held at a further in- 
dexer until there are vacancies along 
the line, and are then automatically 
called into the bonderizing cabinet. 

Next, the bodies are collected along 
a single conveyor. An automatic trans- 
fer unit, comprising rotating load- 
wheel with transfer arms, pushes the 
trolley along the single conveyor pass- 
ing through the next stage while the 
second conveyor, from which load 
trolleys are transferred, is passed back 
along the outside of the bonderizer. 

Control of this transfer unit is 
necessarily complex because of the 
differing speeds of the feeding convey- 
ors. Both lines have indexers into 
which the bodies are gathered, and 
the transfer unit operates from the 
more fully loaded line. 

A single conveyor then carries the 
bodies through a fine spray process, 
which simplifies surface-defect inspec- 
tion, and on for any re-touching. The 
conveyor is then turned back for 
down-shop travel, at the same time re- 
turning to two lines at a ratio of 
three to one. 


A complex system 
After a bituminous dip and drain- 
age, the bodies are primed and enter 






128 





the first drying oven, where each line 
is divided evenly into two. As one 
body passes along a branch line, it 
operates a switch tongue to send the 
succeeding body down the second 
branch line. 

After priming, bodies on the two 
sets of duplicated conveyor lines are 
knitted together into one single line. An 
automatic transfer unit receives bodies 
from the four lines and issues them 
to a floor conveyor, via a drop sec- 
tion, in the required sequence accord- 
ing to the body finish. Two different 
finishes and, in consequence, differing 
conveyor speeds, as well as two-tone 
colouring and any extra coats re- 
quired, necessitate a complex conveyor 
system. Four sets of conveyors feed 
bodies to four paint-spraying units, 
two handling sixty bodies an hour, 
and two handling twenty. Transfer 
units break up the single line to distri- 
bute the bodies between two convey- 
ors for passage through the drying 
ovens. At the end of the drying line, 
eight conveyors leave four ovens; 
these are directed into two lines, with 
the four conveyors converging on each 
through wheel-transfer units, and pass 
along to drop sections where they are 
taken below for trimming and 
assembly. 


Automatic operation 

The conveyor system with its asso- 
ciated indexers, wheel corners, drop 
sections, and automatic transfer units 
is controlled by relay-type equipment 
by Donovan Electrical Co., speed con- 
trol being by Heenan & Froude vari- 
able-speed couplings. The conveyors 
are in six groups each controlled from 
a separate switchboard in the control 
room. Drop sections have separate 
local control panels. 

The various transfer units have cor- 
responding functional control panels, 
and the plant operator in the control 
room is able to set up the controls 
for the desired method of operation 
and to start and stop the plant at will. 
To his right and left are push-buttons 
for individual or group starting, 
selector switches for ‘ run’ and ‘ inch’ 
control, night storage and so on, to- 
gether with the speed controls. A 
mimic diagram carries indicating lamps 
for all conveyors and transfer units, 
and banks of lamps indicate any ab- 
normal operation. 


Vehicle control 


In a paper recently presented at the 
Road Research Laboratory, L. E. 
Flory of R.C.A. described an automa- 
tic traffic-control system being devel- 
oped by his company. He made it 
quite clear that he thought some such 





system must eventually come into gen- 
eral use, and that it should perform 
two basic functions: communication 
between road and vehicle; and com- 
munication between one vehicle and 
a following vehicle. 

The problem of road-to-vehicle com- 
munication for directional control is 
relatively simple. This can be achieved 
by having an induction cable, carry- 
ing a.c., embedded in the road, and 
simple detecting equipment in the 
vehicle which may provide signals 
either to the driver or for limited auto- 
matic control. 

The equipment developed by R.C.A. 
for vehicle-to-vehicle communication 
was designed with the problems of the 
change-over period in mind—i.e., it 
was acknowledged that it would be 
impossible to equip all vehicles and all 
roads simultaneously, or even for a 
relatively short period only. Essen- 
tially the system comprises a sequence 
of wire loops embedded in the road 
surface, a series of detectors at the 
side of the road connected to these 
loops, and receiving equipment in the 
vehicles. The passage of a vehicle over 
the loops (irrespective of whether or 
not it is fitted with any special equip- 
ment) alters their inductance, and this 
change is used to produce a series of 
voltage signals in the road-side detec- 
tors. These signals, which decrease in 
strength with increasing distance be- 
hind the vehicle causing them, would 
operate transmitters. Receiving equip- 
ment in the following vehicle would 
pick up the signals, and extract infor- 
mation giving the distance ahead and 
speed of the initiating vehicle. 

Flory admitted that there is as yet 
no agreement about how far automa- 
tic control of the vehicle—rather than 
merely the provision of extra informa- 
tion for the driver—is desirable. The 
equipment he described, which has 
reached an advanced stage of develop- 
ment and has undergone practical 
trials, could be ‘used for either of 
these functions. 


EDUCATION 
U.S.AF.’s teaching machines 


Fourteen American Air Force students 
on an electronics course are being 
taught by individual teaching machines 
—Western Design’s Auto Tutors—in 
an experiment being carried out by 
the United States Air Force. The test 
group covers a standard fifteen-week 
course, while a control group is taught 
the same course by conventional class- 
room methods. 

The Auto Tutor is unusual in that, 
while requiring the student to show 
understanding at each step of the 
course, it lets him advance as slowly 
or as rapidly as he is able, while auto- 
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matically recording his progress and 
charting his reasoning process. 

When the student sets up the 
machine he sees a page of informa- 
tion, on a screen. After studying the 
material, he must answer a multiple- 
choice question. To answer, he 
punches a code number on a key- 
board, and a new page of information 
on his screen either verifies his replies 
and proceeds with the course, or ex- 
plains his error and directs him to 
select another answer. The student’s 
answers, and the time he takes to 
select them, are automatically recorded 
for analysis by instructors. 


=| WESPARCH 
Mech/elec control 


An interdepartmental research and 
teaching laboratory in the computer 
and control systems field at the Uni- 
versity of Saskatchewan, Saskatoon, 
Canada, is unusual in that it is under 


‘ 


oe ee 


UNIVERSITY’S LEARNING MACHINE 

Elementary learning capabilities are 

claimed for this computer at the Uni- 
versity of Saskatchewan 


the joint control of the electrical and 
mechanical engineering departments. It 
provides research facilities for work on 
self-organizing and self-adaptive con- 
trol systems, information and decision- 
making problems, process optimiza- 
tion and non-linear systems. 

At present the laboratory is concen- 
trating on computers in process con- 
trol and adaptive servo-mechanisms. 
The techniques of the conditional 
probability computer program are 
being developed and applied to the 
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problem of controlling a simple elec-_ 


trical network with interacting con- 
trols. Linear programming is being 
carried out on a digital computer as 
an approach to process optimization, 
and the role of the operator as a 
decision-making element in simple pro- 
cess problems is to be explored. In 
the field of adaptive servo-mechanisms 
the immediate goal is to simulate an 
autopilot control using an analogue 
computer, and to design a particular 
non-linear control system incorporat- 
ing these techniques. 


oe RUC TION ——_— 
Automatic switch-testing 


The increasing use of near-flow-line 
production methods means that the 
testing of the products of such high- 
output lines should also be automated. 
One aspect of this problem has led 
G.E.C. to install a test rig, based on 
static-switching devices, for the func- 
tional testing of domestic switches 
being produced at their Witton fac- 
tory. Four functions of the switches 
are checked —that the contacts are 
* made’ or * broken’ in the appropriate 
extreme positions, the position in the 
travel where * break’ takes place, and 
spontaneous return to the ‘on’ posi- 
tion when released at the point of 
breaking contact. The switches are 
tested at a rate of approximately one 
a second at normal voltage and 20% 
current overload. 

The basic switching-unit used in the 
control circuits is the cold-cathode tri- 
ode, for which a service life of over 
10,000 hours is claimed. Logic circuits 
incorporating these cold-cathode tubes 
are used for detecting the various 
types of faults. Final operation of the 
rejection system is by pneumatic 
cylinders. 

The switches are loaded by an 
operator into a channel-type maga- 
zine, from which they are fed by a 
weight and pulley system to the testing 
position in the jig. Testing continues 
automatically as long as there is a 
supply of switches in the magazine. 

A difficulty arises in sensing the 
position of the switch under test, as 
the manufacturing tolerances permit 
some variation in the position of the 
operating dolly relative to the case. A 
mechanical linkage is used which, on 
sensing the extreme position of the 
switch, locks the mechanism in such a 
way that measurements of movement 
are taken from this point. 

This sensing mechanism is driven by 
a pneumatic cylinder, through a link- 
age giving a large reduction in move- 
ment. Necessary signals giving switch 
position are derived from the move- 
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G.E.C.’s automatic testing jig for domes- 

tic switches. Control circuits incorporat- 

ing static switching detect four classes 
of rejects 


ment of the sensing mechanism and 
applied to the logic circuits, together 
with signals indicating the presence of 
a switch in the jig, and whether or 
not its contacts are ‘ made’. The cold- 
cathode-tube circuits are arranged so 
that any of the faults for which the 
switches are being tested will open a 
corresponding trap in the chute 
through which the switches are dis- 
charged. Rejects are then classified 
into four categories, depending on the 
nature of the fault. 


— REFRACTORIES ———_ 
Damper control at Stein's 


A high-temperature kiln at John G. 
Stein & Co.’s Castlecary Works, re- 
fractory manufacturers of Bonny- 
bridge, Scotland, has been fitted with 
automatic damper control. This cor- 
rects any pressure deviations within 
the kiln by maintaining a balance be- 
tween gas entering and leaving, and 
thus gives good combustion condi- 
tions, fuel economy and longer kiln 
life. 

The system, which comprises an in- 
dicating furnace-pressure controller by 
Honeywell Controls, and a small re- 
versible electric-motor and gear mech- 
anism, is understood to hold furnace 
pressure within + 0-002 in. w.g. The 
furnace-pressure controller is of the 
oil-immersed inverted-bell type, the 
two bells being suspended on a bal- 
ance beam. One bell is connected to 
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The automatic kiln-pressure regulator 

at Stein’s Castlecary Works consists of 

a Honeywell controller and a motor- 
actuated damper 


furnace pressure through the wall of 
the kiln, and the other is open to the 
atmosphere adjacent to the kiln so that 
pressure measurements are compen- 
sated for local ambient conditions. 
The controller incorporates two 
Honeywell Electr-O-Vane units, which 
do not load the mechanical pressure- 
sensing system, and these are adjust- 
able about the set point to give any 
required neutral zone within which 
the damper is steady. If the pointer 
moves from the neutral zone, the re- 
mote motor actuates the damper to 
correct the kiln’s pressure conditions. 


—— PROCESS CONTROL —— 
£3000 on-line computer 


Further details have been released of 
* Anatrol ’"—de Havilland Propellers’ 
inexpensive computer for process con- 
trol. This does not follow the American 
fashion for large digital machines in 
on-line applications, for de Havilland 
believe that the high cost of such 
equipment is not in proportion with 
the degree of responsibility which 
immediate potential users would be 
prepared to give it. 

The cost of Anatrol has been kept 
down by two means. First, the use of 
an analogue-computing technique ob- 
viates the need for analogue-to-digital 
converters at the input, and digital-to- 
analogue converters at the output, 
these normally being necessary for 
digital computers working with con- 
ventional control equipment. Secondly, 
a time-sharing system is used for the 
mathematical units, and this means 
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that fewer such units are needed. This 
time-shared computing system is 
brought into operation repeatedly 
during a calculation sequence, by a 
25-position switch moving at a rate 
of one step/sec. The mathematics are 
solved by the units in a series of steps 
which are controlled by the switch, 
and the results of each step are stored 
until brought into the sequence again 
or fed to the regulating units on the 
plant. New control signals are fed to 
the plant at intervals depending on 
the number of steps required for the 
solution of the equations. If, for ex- 
ample, five steps are required, the 
control-signal value may change every 
five seconds, each value being trans- 
mitted continuously until replaced by 
a new value. The use of the 25-posi- 
tion switch has the effect of making 
twenty-five times as many amplifiers 
and multipliers available for any given 
problem, as in fact Anatrol contains. 
Anatrol can receive up to 42 signals 
from the plant, and can transmit six 
output signals. It is designed for an 
overall computing accuracy of + 1:0% 
of full scale—this being considered 
quite adequate for working with con- 
ventional measuring and control equip- 
ment. According to de Havilland, any 
increase in computing accuracy would 
increase the cost without any signifi. 
cant improvement in the overall result. 
Besides normal arithmetical opera- 
tions, calculations involving power 
laws, differentiation, and integration 
can be performed. Where the process 
cannot be expressed mathematically, 
an extra unit is available to convert 
Anatrol into an optimizing computer. 


Digital computer control 

Optimat, Panellit’s optimizing con- 
troller, is also coming along rapidly. 
This is a small-scale single-purpose 
digital computer for industrial process 
control. It accepts input signals such 
as quality, flow, temperature, etc., 
from the process, and operates on the 
set points of up to three conventional 
three-term controllers. The set points 
are adjusted to give optimum perform- 
ance of the plant, while simultaneously 
holding the process within specifica- 
tion limits. Optimat operates by mak- 
ing a small change to the set point of 
one of the variables and observing the 
effect of this change on both the spe- 
cification and the criterion to be 
optimized. It then acts to steer the 
plant towards the optimum operating 
conditions while maintaining the pro- 
ducts within specification. 


PAPER 


Roll-speed indication 


In the manufacture of paper, wet pulp 
is introduced at one end of the paper- 


making machine and, the bulk of the 
water having been extracted, the fibres 
are brought together as a web, which 
is then fed through a series of hot and 
cold rolls. This process makes the web 
shrink and, to offset this, the rolls— 
which are of various diameters—must 
run at varying speeds so that each 
successive section runs slightly faster 
than its predecessor, and an even ten- 
sion is maintained throughout the 
length of the web. It follows that roll- 
speeds must be accurately known, for 
if certain rolls are slow the web may 
flap or even form a loop; if they are 
too fast, the web may break. 

This difficulty has been overcome at 
the Mersey Mill of Bowaters United 
Kingdom Pulp and Paper Mills by the 
installation of an electronic roll-speed 
indicator developed in conjunction 
with Electronic Machine Co. The 
equipment can be switched to indi- 
cate the speed of any pair of rolls of 
any circumference. The accuracy of 
speed indication is understood to be 
+0 and — 1 ft/min. 

Basically this * precision paper-draw 
measuring equipment’ consists of acrys- 
tal oscillator which feeds 1 kc/s pulses 
into timers. A low-speed timer counts 
pulses to produce a timed wave-form 
which ‘ gates’ the signal from an early 
set of rolls (‘couch’) for counting on 
a four-decade counter. A high-speed 
timer—a _ ten-channel, four-decade, 
unit—whose output can be adjusted 
from 0 to 9-999 sec, is fed both from 
the oscillator and from ten different 
roll-positions on the paper machine, 
so that each roll signal is counted 
during a pre-determined time. 

Control understands that Electronic 
Machine Co. can also provide Digi- 
tron devices to indicate the differences 
in speed between parts of the machine, 
although this refinement is not em- 
ployed at the Mersey Mill. 


Precision paper-draw measuring machine 
installed by Electronic Machine Co. at 
Bowaters’ Mersey Mill 
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231 R ANALOG COMPUTER 


8 CHANNEL RECTILINEAR RECORDER 
1100 € VARIPLOTTER 


© 


/ TER 
3033 B DATAPLOTIER 3 26,070 DIGITAL VOLTME 


Electronic Associates, the world’s largest ae neral Purpose Analog Computers, now offers European industry 
a complete line of PACE Instruments to help solve all types of Computation, Data Handling and Instrumentation problems. 


The high quality of PACE Equipment is guaranteed by Electronic Associates’ reputation and experience as the leading 
producer of Analog Computers for over eight years : 


The above photo shows several of the PACE line of Instruments which are available 


231R ANALOG COMPUTER. Newest addition to the world famous line of PACE Analog Computers. 
Capacity : 20 to 100 amplifiers and related nonlinear equipment. 0.01 % precision. Manual 
or Digital Potentiometers. Optional ADIOS system (Automatic Digital Input Output System). 


TR-10 TRANSISTORIZED DESK ComPuTER. Capacity 20 amplifier and nonlinear units. Precision 0.1%. 
Compactness, low power consumption and low voltage levels makes this an ideal nucleus 


for on-line computation of process control applications. Useful in laboratory and educat- 
ional tnstitutions. 


DATAPLOTTER, TYPE 3033 B For high speed conversion and plotting of digital input information 
into analog graphs. Point or Continous line plotting. Speed 60 points per minute. Precision : 
0.05%. Works from IBM cards, paper tape and manual keyboard. 


S-CHANNEL RECTILINEAR RECORDER. Accurate and high speed recording oscillograph. Includes chop- 
per stabilized amplifier, push button chart speed and sensitivity control and heated stylus 


recording. 
MODEL 1100E VARIPLOTTER. X-Y plotter for Computer and general laboratory use. .075 % Static 


Accuracy. With wide range of input sensitivities and vacuum holddown. Can also be used 
as function generator. 


pepe ee MODEL 26.070 TRANSISTORIZED DIGITAL VOLTMETER. A general purpose readout instrument for high 
R-10 TRA at) tra 


ee speed digital readout of analog voltages. Average speed: 200 readings per second. Accu- 


racy :0.01 % Includes reference and power supplies. Can be operated with EAI model 
39.034 high speed Printer. 


Skilled sales and application engineers from Electronic Associates stand ready to assist Eu- 
ropean industries of all types in solving their systems and instrumentation problems. 


DETAILS OF OUR COMPLETE LINE OF PACE COMPUTERS AND INSTRUMENTS WILL BE SENT UPON REQUEST. 


ELECTROWIC ASSOCIATES INC. 43. rue de la Science Brussels 4 - Belgium 

EUROPEAN DIVISION Tet Grussets 11.43.69. - Telex 02-106°Pacedelg tre PRrooucers OF 
RAR DORE EAI SS 
ELECTRONIC ASSOCIATES LTD Victoria Road - Burgess Hill - Sussex - Engiond 


WORKS AND WEAD OFFICE Tel Burgess Hill 26.36 - Telex 6750 Pace Burgessht seen: oernen 


TRADE MARK 
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Pick-off 


SEE THAT the Editor is again rais- 

ing the question of ‘a professional 

society for control engineers. 
Having read his leader this month 
(page 79), I think that he has left out 
one important matter (perhaps be- 
cause of shortage of space), a matter 
that came out rather vividly at a re- 
cent meeting of British Ifac Congress 
delegates. They were preparing for 
this month’s B.C.A.C. post mortem 
on the Moscow conference, and dur- 
ing their deliberations it emerged that 
the B.C.A.C, itself is terribly under- 
represented on Ifac committees. The 
British point of view (if there is one) 
is seldom put forward, Ifac commit- 
tees reach conclusions and make re- 
commendations, but often without the 
help of a whisper from a B.C.A.C. 
representative. While I agree that 
national organization of British con- 
trol engineers is important, I am sure 
also that our international standing 
is a vital plank in the argument for 
creating a credible professional body. 
With countries forming commercial 
clusters all over the place, it is essen- 
tial for us not only to know what is 
happening, but to help along events 
ourselves. Trade practices and the 
state of the market may not be prin- 
cipal subjects at Ifac committee 
meetings, but if there are any forma- 
tive influences working at _ those 
meetings then we ought to be in on 
them. 


NE ALWAYS thinks of Ameri- 
() cans as ‘ go-getters’, and of 
ourselves, by contrast, as 


conservative and comparatively slow- 
moving. This form of °self-denigra- 
tion has increased since the war, pos- 
sibly because of constant political 
exhortations of the export-or-die type, 
plus the suggestion that the Germans 
are rather better at exporting-or- 
dying than we are, As for the U.S.A., 
this is the true home of industrial 
efficiency, and Britain is so far be- 
hind that she can never hope to 
catch up. 

Dismal reflexions of this nature are 
so common that it is refreshing to 
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hear the comments of a young man 
who knows rather more of American 
industrial methods than many who 
merely pontificate from afar. His 
name is Malcolm Church, and he is 
a Plessey draughtsman who, because 
of his outstanding work as an appren- 
tice, was selected to tour the U.S.A. 
studying American engineéring tech- 
niques and production methods. He 
thinks that, although the high degree 
of automation in American industry 
gives an air of efficiency, the urgency 
and bustle of British workshops is 
notably absent. 


ALKING OF Germans, I have 
been dismayed by the rumblings 
I have heard lately when my 
ear has been put close to the ground. 
There seems to be a distinct threat 
that this country will lose some or 
most of its computer trade to Ger- 
many. Why do we have such a talent 
for being in at the birth of new in- 
dustries and out shortly after? Our 
history is full of this kind of thing, 
and I hope that it is not going to 
repeat itself in the computer game. 


something over two years ago 
that an American team came 
over to show members of the Institu- 
tion of Mechanical Engineers how 
automobiles may profitably be re- 
garded as servo-mechanisms. To the 


‘ 
‘ 


f MEMORY serves me aright, it was 


Theautomobileasa feedback mechanism 


best of my knowledge nothing very 
much was being done along these 
lines at home, but I gather that things 
have been set moving: so much so 


that the I.Mech.E. is beginning to 
plan a symposium on ‘ Biomechanics 
in relation to the automobile’. This 
sounds a most interesting enterprise 
and I am looking forward to it. 


T THE PRESENTATION of awards 
A in the National Safety Contest 
(which was sponsored by some 
thirty major companies), I was disap- 
pointed to find few ideas to do with 
industry as such, Nevertheless, it was 
heartening to me that over 8600 ideas 
were actually entered, for their num- 
ber does at least show an increased 
concern with this important problem 
—time lost in industry because of 
accidents is estimated to be about 
twenty-million man-days every year. 
Since the majority of accidents are 
human in origin, we may hope that 
the automation of industry, apart 
from the other benefits that it should 
confer, will help to cut down this 
incredible (and frequently tragic) 
waste of manpower. 


HE EDITOR’S STORY last month 
about the first prize in an 
American competition being 
one week’s stay in Moscow and the 
second prize two weeks’ stay there 
reminds me of Chesterton’s remark 
about beer: ‘one pint is just right; 
two pints are one too many; and 
three pints are not half enough’. 
The magazine Which ?, now becom- 
ing more and more well known, was 
reporting on beer only last month. 
I have sometimes heard readers sug- 
gest that Control should give Which? 
type reports in its periodic surveys of 
equipment. Manufacturers of some of 
the more popular hardware might be 
in for a few mild and bitter surprises 
if their products fared as poorly in 
Control surveys as did some of the 
best-known ales_and lagers in Which ? 


HERE IS TO ME a_ peculiar 
savour of common sense and 
robust honesty in so many of 
Hugh Clausen’s opinions. Readers of 
Control are of course familiar with 
his work, and some of you who are 
top people may have seen his letter 
in The Times recently. Answering 
the question: ‘What is really wrong 
with British exports?’ he found the 
cause in profit-grabbing enterprise. 
‘We must realize’, he urged, ‘that 
the product is the thing that counts. 
If proper attention is paid to all 
aspects of this—including selling it— 
the profit, as a kind of by-product, is 
almost automatic.’ 
But try telling that to engineering 
businesses when they are run by 
accountants! 
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For fast accurate counting 


You can’t do better than to specify this Series 100 instrument. 
Tooled to the finest limits, together with a highly efficient 
magnetic circuit, it offers a long life, with extreme accuracy, 
at fast counting speeds. Figures are large and readable with 
perfect alignment; the whole counter carries the superb finish 
for which all C.I. products are famous. Designed for flush 
panel mounting; number of figures—6. 


Mechanism is the heart-shaped type, and accidental resetting when 
High speed the counter is running does not harm the mechanism. 


quick reset oprERATING VOLTAGE 24 or 48 volts D.C. 

110/115 volts A.C. 50 or 60 cycles. 

200/250 volts A.C. 50 cycles. 

POWER CONSUMPTION 4 watts. Coils continuously rated. 
OPERATING SPEED At least 20 counts per second. 


I 
| 
electro-magnetic | 
| 

RESET | Push button or Electric. 
| 
| 


counter 


NUMBER OF FIGURES 6 
push button FIGURES White. 7/32’ high (5.4mm) on black }” 
dia. whee]s. 
Die cast case with aluminium side plates. 
Finish matt black. 
12° Trailing. 


or electrical CASE 


LEADS 
reset 


Also available as a dozens counter with first wheel graduated 0 to 11. 
See SER RR AS SPST SSNPS TANNA 
Counting Instruments Ltd. Elstree Way, Boreham Wood, Hertfordshire, England. 
Telephone: ELStree 1382 


uh 
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A monthly review of system components and instruments: for further information on any item, 


circle the appropriate number on the reply card facing page 178. 


TRIP AMPLIFIER 
indicates temperature 


This unit is a transistorized temperature 
trip-amplifier, which has a scale indicat- 
ing the temperature over a range prior 
to the set-point. The incoming signal 





Accurate reference-voltage 


from the thermocouple is compared with 
a reference voltage, which may be set 
to an accuracy of 0-1% of the instrument 
range. 

Trip-point range is standard at 0-30 
mV, and the on-off differential is given 
as less than 304V independent of trip 
level, The trip and subsidiary alarm relays 
are fitted with platinum contacts rated 
for 250 V a.c., and each has four change- 
over contacts brought out to two 12-way 
connectors on the rear panel, Made by 
Bailey Meters and Controls. 

Circle No 531 on reply card 


PRECISION RESISTORS 


low temperature coefficient 


Resistors having tolerances at 20°C of 
1%, 05%, 0:25%, or 0-1%, are avail- 
able from Alma Components. Tempera- 
ture coefficient of all ranges is quoted 
as + 0-0004%/°C, and drift is less 
than +0-05% for the first 1000 h, there- 
after negligible. Type Cl (1-W), C2 
(4-W), and C4 (4-W), have resistance 
ranges of 1002-300k2, 100 92-120 kqQ, 
and 100 2-80 kQ respectively. 

Circle No 532 on reply card 


VALVE. VOLTMETER 
10 MQ input-impedance 


An improved version of Advance Com- 
ponents YM77 measures from 100”V 
(minimum readable deflexion) to 300V 
a.c. in twelve ranges, with a frequency 
coverage from 10 c/s to 5 Mc/s. The 
3-in. meter has an anti-parallax mirror, 
and is calibrated in volts r.m.s. and de- 
cibels referred to 1 mW fed into 6002. 
Accuracy is given as +3% f.s.d. from 
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15 c/s to 2 Mc/s, and =2dB up to 4°5 
Mc/s. Normal input impedance is 
10 MQ, 20 pF, with less than 10% varia- 
tion between ranges. 

The basic circuit is a four-stage tran- 
sistor amplifier, with bridge rectification 
for the meter. Used as an amplifier, gain 
up to 5 Mc/s is 1000 (60 dB), adjustable 
in 10-dB steps. The h.t. supply is stabil- 
ized to 14%, and the unit will work 
from 100-125 or 200-250 V a.c. mains. 

Circle No 533 on reply card 


LEVEL INDICATOR 

capacity-operated 
A feature of a continuous level indicator 
is that the instrument may be mounted 
up to 100 yd. away from the probe. The 
circuit employs a_ crystal-controlled 
oscillator, which is connected to the 
probe or transducer by a matched trans- 
mission-line. A capacity change of 
10 pF will give full-scale deflexion on a 
l-mA meter, or a change of 5V d.c. is 
available. This voltage is negative with 
respect to garth so that it can be used 
to drive a Fr amplifier. 

For applications requiring extreme 
sensitivity, provision may be made for 
a l-mA change in output to represent a 
change of 0-03 pF. The Contimitor is 
made by Electronic Machine Co. 

Circle No 534 on reply card 


MOTOR AND CONTROLLER 
reversible rotation 


A unit by Servomex consists of a motor 
and controller designed to give motor 
speeds between 0 and 7500 rev/min, with 
a minimum torque over the entire range 
of 70 oz in. The motor shaft carries a 
linear generator which has a voltage out- 
put proportional to speed, and this is 
compared with a voltage reference inside 
the controller. Any difference or error is 
amplified in a  servo-amplifier, and 
applied to the field-coils of the motor so 
as to correct the speed. 


Wide speed-range 












The MC.47 will provide tolerably 
smooth running down to 10 rev/min, and 
a meter mounted on the control panel 
gives an indication of speed to an 
accuracy of *1-5% f.s.d. Scale ranges 
are 10,000, 3000, 1000, and 300 rev/min. 
Acceleration, with flywheel mounted, is 
60,000 rev/sec?, or without flywheel, 
420,000 rev/sec?. The unit may be used 
for torque measurement, using a 150-V, 
d.c. meter across the terminals provided, 
A 50-c/s mains supply is required, 200 to 
250 V. 

Circle No 535 on reply card 


FLOWMETER 


constant-amplitude output 


An electro-magnetic flowmeter by Mea- 
surement Ltd, is designed so that each 
cycle of the piston displaces the same 





Accurate, rugged 


volume of fluid. The pick-up unit gives 
a pulse output, the amplitude of which 
is constant regardless of flow-rate, and 
which may be fed to an electromagnetic 
counter or similar device. 

Four models of the Unipulse are made, 
with ranges between 5-300 and 100-12,500 
gal/h; they may be constructed in gun- 
metal or stainless steel. With constant 
head or constant pump-output, this unit 
may be calibrated to within + 0:25%. 

Circle No 536 on reply card 


TRANSISTOR OSCILLATOR 


robust, portable 


An RC oscillator has five frequency 
ranges between 1-5c/s and 150kc/s in 
decade steps. Accuracy is given as 
(3% + O-15c/s) at 25°C, and short- 
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L-C-T 
40-COLUMN 


PUNCHED CARD 


SYSTEMS 


can help your 


business 


WHAT DOES 40-COLUMN MEAN? 
It means a punched card data 
processing system using small 
cards which record data in 40 
columns—quite sufficient for a 
large number of jobs. 

If you’re considering a data pro- 
cessing system, see what 40-column 
machines will do for you. They are 
more than earning their keep for 
many thousands of organisations: 
firms operating with as few as 12 
people to concerns employing over a 
thousand. 


What I°C’T 40-column equipment 
can do for YOU 

It will mechanise your sales and 
purchase accounting, and produce 
your statistical records. Other every- 
day jobs it will tackle include stores 
and stock control, invoicing, payroll, 
hire purchase accounting, expendi- 
ture control and costing. It will help 
you wherever you need accurate 
accounting and statistical informa- 
tion quickly. 

The equipment is readily available; 
it is easy to put in and simple to use. 


ICT 40-column equipment 

can grow with your firm 
The basic machines—auto punches, 
sorters and tabulators—may be all 
you want at the moment. But youcan 
always add summary, reproducing 
and electronic calculating punches, 
interpolators and interpreters. And 
you can increase card capacity by 
25% without spending a penny more. 

Write to us at I-C’T—now. 


International 
Computers 
and Tabulators 
Limited 
149 Park Lane, London W1 
Telephone: HYDe Park 8080 


I-C-:T manufacture 21-, 40-, 80- and 160- 
column punched card machines, as well 
as small and medium-sized computers. 





Circle No 82 on reply card for further details 
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[New for Control, 


— 





For on-site investigation 


term drift is less than + 0-05% after the 
first thirty seconds of operation. 
Output, into 6002, is continuously 
variable up to 2-5 V; variation of output- 
voltage with frequency is less than 
0-03dB on each range. Temperature 
range is — 10°C to + 45°C. The TG 
150M, made by Levell Electronics, 
weighs about 6lb including self-con- 
tained batteries. Also available is the 
TG 150, which has no output meter but 
is otherwise identical. 
Circle No 537 on reply card 


PHASE METER 


very low frequencies 


A phase meter measures phase angle in 
degrees, within the frequency range 
0-0001 to 1-0c/s, between two sinusoidal 
or non-sinusoidal voltages. Designed for 
vibration and servo-mechanism investi- 
gation, its phase-angle range is 0-360° in 
six steps of 60°. Amplitude range is 
1-30 V r.m.s. sine wave, and accuracy is 
given as + 1° (0-001-0-1 c/s), or + 2° 
(0-1-1-0 c/s). 

The 335-A, made by Acton Labora- 
tories (U.S.A.), will accept sine or com- 
plex waves provided that no d.c. com- 
ponent is present; applied signals must 
not have more than one positive-going 
or negative-going zero axis crossing per 
cycle. Power supply needed is 105-125 V 
a.c., 60. c/s; consumption is about 120 W. 

Circle No 538 on reply card 


SOLENOID-CONTROLLED VALVES 


air-operated 
An extension to an existing range of 
solenoid-operated valves has increased 
maximum available size to 3in. The 
compressed-air supply is controlled by a 
small three-way solenoid valve mounted 
integrally with the main valve. When the 
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solenoid is energized, air enters the piston 
chamber, and the piston opens the main 
valve. When the solenoid is de-energized, 
the air supply is shut off and the pres- 
sure between the main and solenoid 
valve is exhausted to atmosphere, The 
main valve then closes under spring 
pressure. 

Made by Ether, one of the principal 
functions of the A.S.V. series is the 
control of high viscosity fluids. 

Circle No 539 on reply card 


OSCILLOGRAPH 


12-channel, direct-writing 


An oscillograph capable of recording 
at frequencies up to over 1000 c/s has 
a choice of eight paper-speeds from 5 
in/min to 150 in/sec. It employs an 
ultra-violet light source and pencil-type 
galvanometers, and is claimed to give a 
clearly defined trace at writing speeds in 
excess of 12,000 in/sec. The recorder is nor- 
mallysupplied as a twelve-channel unit, but 
fifteen galvanometers are fitted in the 
magnet block, the extra three being 
available for marking datum lines or as 
extra signal channels if necessary. 

Since any trace may sweep the whole 





Fast writer 


6-in. width of the recording paper, a 
‘marker’ is included in each for identi- 
fication. A trace interrupter, geared to 
the paper drive roller, interrupts the 
light from each galvanometer in 
sequence and causes a y,-in. gap at 2-ft 
intervals irrespective of chart speed. Five 
galvanometers are available for the Sav- 
age and Parsons RG32-12/15, with sen- 
sitivities from 450 “A/cm (resonant fre- 
quency 500 c/s) to 16mA/cm (resonant 
frequency (3100c/s). Special clamping 
arrangements allow easy and rapid 
changing of galvanometers. 

Circle No 540 on reply card 


DATA AMPLIFIER 


precise amplification 


Designed for precise amplification of 
microvolt signals, a differential ampli- 
fier made by Blackburn Electronics has 
a completely floating input of 3-MQ 
impedance with a common-mode rejec- 
tion-ratio of 10°:1 at dic. (i.e. the ratio 
of differential signal to in-phase signal 
for a given output). The gain is switch- 
able in five stages from 10 to 1000, and 
linearity is 0°1% with a maximum out- 














Sensitive, accurate 


put swing of +10V at 0°SA. Total noise 
and drift is less than 5eV r.m.s., with a 
rise-time of 10 msec. 

The BIE 362 weighs about 20 lb, and 
has built-in power supplies which will 
operate from 115- or 240-V a.c. mains. 

Circle No 541 on reply card 


A.C. SERVO-MOTOR 
1/10 h.p. nominal 


A size-45 a.c. servo-motor is to be pro- 
duced by Evershed. Designed for opera- 
tion from 50- to 60-c/s supplies, the fol- 
lowing windings are available: reference 
phase, 115 or 230 V a.c.; control phase, 
115, 230 or S00 V a.c. (these windings 
may be centre-tapped). 

The stalled torque is 80 oz in, and 
the no-load speed is 2930 rev/min for 
50-c/s operation. Input at stall is 100 W 
(120 VA) per phase. Dimensions and 
weight of the Fay are 44 X 44 X 8tin. 
and 28 Ib respectively. 

Circle No 542 on reply card 


NULL INDICATOR 


robust, sensitive 


Insensitive to vibration or level, the 
Honeywell 104 WI-G is designed for use 
in conditions where a standard galvano- 
meter would be unsuitable. It has a res- 
ponse-time of 0°5 sec, and a sensitivity 
of 1 2V/mm or 10°° A/mm. Input resist- 
ance is 1002. 

The operation is briefly as follows: a 
d.c. input is fed to a chopper circuit and 
converted to a.c. This is amplified and 
fed to the grids of a double-triode grid- 
controlled rectifier, the anodes of which 
are fed in opposite phase to one another 
from the mains supply via a transformer. 


Withstands rough handling 
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TYPE PR 2400A 


FEATURES Small panel space of 144 x 144 mm 
(approx. 5}” x §}”) - Reliable null-balancing potentiometer 
system - Easily interchangeable ranges - Transistorized 
plug-in amplifier with printed wiring - Unique chart- 
winding system - High indicating speed and critical 
damping - Scale calibration for mV or all conventional 
thermocouples - Completely mains operated. 


RECORDING SECTION Strip chart, width 100 mm, 
length approx. 9 m. The chart is wound into an exchange- 
able casette. Visible length of 100 mm. After opening the 
door the chart can be pulled out over a length of 80 cm. 
Chart returns automatically into the casette. 


CHART-SPEED With built-in gear box 3 different 
speeds can be selected: 10, 20 and 60 mm/h. Can be 
supplied with electro-mechanical clutch so that by means 
of external switch, chart movement can be accelerated bya 
factor of 60. 


compact size of the plug-in transistorized amplifier. 





This photograph shows the lighter weight and 
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PHILIPS 


MINIATURE REGURD EH 


Miniature mV-Recorder 


MINIMUM SPAN 5 mV - MAXIMUM SPAN 250 mV 
ACCURACY 0°5°%; the accuracy can be maintained after 
exchange of range box. 

REPRODUCIBILITY 0-2°/, of span - SCALE LENGTH 100 mm. 
STABILITY 10°, mains variations have an 

influence of less than 0-1°, 

BALANCING SPEED Less than 1 sec. for full scale 
deflection; damping critically adjustable. 


RECORDING With flexible capillary stylus supplied 
from sealed ink container mounted under measuring 
carriage. Line thickness approx. 0-3 mm. 


CONSTRUCTION Sheet-metal case in grey hammer- 
tone with all plastic door. Front dimensions 144 x 144 mm; 
depth 510 mm; panel opening 138 x 138 mm. (5}” x §}°— 
20°—5}” x 5}”). 






PRODUCT OF PHILIPS, EINDHOVEN, HOLLAND 


























































































































































































































































































































































































































The polarity of the input determines the 
phase of the amplified a.c., and since 
the chopper is mains-synchronized, this 
in turn determines which anode of the 
g.c.r. will conduct when the grids are 
positive. When one of the anodes con- 
ducts, the relevant cathode becomes more 
positive, and a charge is built up across 
a capacitor connected between the two 
cathodes. This charge is measured by the 
indicating meter. A diode limiter is con- 
nected between the cathodes to prevent 
overloading of the meter. 

Circle No 543 on reply card 


QUICK LOOKS 


Plug-in dial timer. Designed for rapid 
replacement in installations where down- 
time must be minimized, the Atcotrol 
305 is available for a.c. or d.c. opera- 
tion, Time ranges for 115-V, 60-c/s 
operation are from 15 sec to 60h: for 
48-, 125- or 250-V d.c, operation, ranges 
are 30 sec to 240 min. Made by Auto- 
matic Timing and Controls (U.S.A.). 
Circle No 544 on reply card 


Portable tachometer. Two versions of 
this transistorized mains- or battery- 
operated instrument are available from 
Southern Instruments: one covers 0- 
30,000 rev/min, the other 30,000—300,000 
rev/min, These instruments will operate 
from photo-electric or magnetic pick-ups; 
overall accuracy is 1-5%. 

Circle No 545 on reply card 


Analogue reactor computer. The M.A.R.C. 
analogue computer, made by Miles Elec- 
tronics, combines special purpose equip- 
ment for reactor design studies and 
general purpose computing units. 

Circle No 546 on reply card 


Regulated power supply. A compound- 
regulated dual unit has two separate 
supplies on one chassis, using a common 
reference. Outputs are +300 and —300 
V dic. each rated at 500 mA. Load regu- 
lation is less than 1 mV d.c., with a tran- 
sient recovery time under 2usec. The 
Philbrick (U.S.A.) Model R-500 requires 
a mains input of 105-125 V, 50-60 c/s. 
Circle No 547 on reply card 


Wave generator. Designed for testing 
servo-systems, Feedback’s TWG 100 will 
generate square, sine and flat-topped ‘ tri- 
angular’ waves over the range 0-03—30c/s 
in six switched ranges. Five output-levels 
are provided: 40, 30, 20 and 10V,-, 
fixed, and 0-SV,-, steplessly variable; 
voltage accuracy is = 5%. 

Circle No 548 on reply card 


Air and hydraulic cylinders. A range of 
heavy-duty cylinders is announced by 
S-P Manufacturing (U.S.A.). Pressure 
ratings are 200 Ib/in* (air) and 1000 Ib/in® 
(hydraulic), Nine bore sizes are available 
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ranging from 14 to 8 in; temperature 
range is —20 to + 150°F. 
Circle No 549 on reply card 


Oscilloscope. The model 33a, of Taylor 
Electrical, has a hard time-base covering 
2c/s to 100kc/s either free-running or 
triggered. Horizontal and vertical ampli- 
fiers with push-pull output are provided, 
the vertical amplifier having a frequency 
range up to 60 Mc/s. 

Circle No 550 on reply card 


Radiation monitor. This unit is made by 
Plessey Nucleonics for measuring radio- 
active contamination in bulk quantities 
of milk (standard 10-gal churns). It con- 
sists of a probe sensitive to both beta 


and gamma radiation, and a waterproof 


indication-unit directly calibrated in 
terms of tolerance levels. It will work 
from 12 V d.c. or standard 50-c/s mains. 

Circle No 551 on reply card 


Rotary position-selector. Designed to 
rotate a shaft to any of twelve indepen- 
dently-sec positions with an accuracy 
within 6 minutes of arc, the Plessey type 
9008 is available for operation from 





12-48 V d.c. with a torque of either -35 
or 60 oz in. The selected position is 
shown on the front of the unit, and a 
built-in switch can be used to confirm 
the position to a remote control site. 
Circle No 552 on reply card 


Multi-range meter, The model 105a by 
Taylor Electrical is a general purpose 
meter with a sensitivity of 20,0002/V. 
It has 21 ranges, including resistance 
from 0-20 MQ in three ranges. 

Circle No 553 on reply card 


Blood pH-meter. Said to be the first 
direct-reading meter designed solely for 
the measurement of blood pH, the Elec- 
tronic Instruments type 48A has a dis- 
crimination of 0-005 pH. Range is 6-6- 
8-0 pH, and zero stability is better than 
0-005 pH in 12h. Manual temperature 
compensation is provided ‘from 0-42°C 
in 0-5°C steps. 

Circle No 554 on reply card 








INDUSTRIAL 


PUBLICATIONS 





‘The A.B.C. of electronic brains’ is the 
title of a booklet containing a series of 
B.B.C. talks by Elliott Automation's 
Leon Bagrit. Circle No 555 on reply card 


Control board components are described 
in Technical Description No, 403 from 
G.E.C.’s Engineering Group. 

Circle No 556 on reply card 


Banking Automation is 
National's booklet on 
Tronic’ machine. 

Circle No 557 on reply card 


outlined in 
their ‘ Post- 


Flame failure and lighting-up-sequence 
controllers for air-blast tunnel burners 
are described in data sheet FST from 
Elcontrol. Circle No 558 on reply card 


Level control. Details of Lancashire 
Dynamo’s transistorized level control 
are given in leaflet No L.S. 

Circle No 559 on reply card 


Water-level indicator. Catalogue No 150 

from James Gordon describes their 

Igema boiler-water-level indicator. 
Circle No 560 on reply card 


Ferrite memory cores are described in a 
series of leaflets available from Tele- 
meter Magnetics (U.S.A.). 

Circle No 561 on reply card 


Machine tool drives are illustrated in a 
comprehensive 80-page catalogue from 
AE. Circle No 562 on reply card 


Solid-state logic elements. Panellit’s 
Minilog system is shown in leaflet ML.1. 
Circle No 563 on reply card 


* Data handling systems’ is the title of a 
descriptive leaflet from Armstrong Whit- 
worth Aircraft. 

Circle No 564 on reply card 


Electric lifting magnets are the subject 
of G.E.C.’s Technical Description No 
379. Circle No 565 on reply card 


* Statistical review of the world of In- 
dustry, 1959,’ is the title of a 24-page 
booklet from British Petroleum. 

Circle No 566 on reply card 


‘Precious metal contacts’ is the title of 
a catalogue from Engelhard Industries 
detailing the use of various metals and 
alloys. Circle No 567 on reply card 


Overhead Runways for transportation of 
goods and raw materials are described 
in Section 6 of Coburn’s main catalogue. 

Circle No 568 on reply card 


Radiation counter. An automatic sample- 
changer by Nuclear Chicago is illustra- 
ted in a leaflet from Continental Dis- 
tributors. Circle No 569 on reply card 


Horizontal co-ordinate drilling-machine. 
The 6 ft. x 6 ft. Autonomic is described 
in a leaflet from Archdale. 

Circle No 570 on reply card 
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The AMPEX FR-600 is an advanced-design data recorder 
with twice the capacity of conventional recorders. Most analogue recorders can 
only record 24 minutes of 100 Ke data on a 14-inch reel of 1 mil tape. 
The. FR-600 will record 48 minutes of the same data on the same reel of tape. 
The reason — greater bandwidth at a given speed... 125 Ke at 30 ips, 
for example. Many data-runs are 30 minutes or longer, requiring a stand-by 


£ 


recorder to pick up where the first leaves off...an expensive price 
for a few extra minutes of recording time. The FR-600 literally does the work 
yf two conventional machines by enabling double record time for any 
siven bandwidth, or double bandwidth for any given record time 
50 Ke at 60 ips, for example. Another cost-saving feature is the tape 
shuttle which automatically scans any portion of the tape, eliminating the need 
eparate loop recorder. Modular plug-in, solid-state electronics warm 
up in less than 10 minutes, and FM amplifier drift is less than one percent in 


ys ahr ERE ol I oe af thn’ CD 
Other advanced features of the FR 


600 include pneumatic tape 
guiding, tension sensing and control, adjustable search speed and fourteen 
miniature monitor oscilloscopes. For complete information write Ampex Great 
° . ’ 2 ~~ 9 ’ ' ‘ | 
Britain Limited, Arkwright Road, Reading, Berkshire, England. |AMPEX | 


CONTROL September 1960 Circle No 84 on reply card for further details 139 


ne 








































































































































































































































































































Fluid power 


Fluid Power Control by John F. Blackburn, Gerhard Reethof, 
J. Lowen Shearer and others. John Wiley & Sons, New York. 
Chapman & Hall, London. 1960. 710 pp. £7. 

This is a book which should dominate its subject for ten years 
to come. It covers for the first time in one volume most of 
the important topics of hydraulic and high-pressure-pneumatic 
proportional control and brings together comprehensive sum- 
maries of many of the papers from M.L.T. which have appeared 
in the Transactions of the A.S.M.E. Some of the M.LT.’s 
well-known basic work is still left to reference. This only 
emphasizes the need for a second such volume and the unique 
nature of the first, its rarity (as well as length) being no doubt 
reflected in its desperately high price. The twenty chapters 
individually tend to a self-sufficiency which makes for easy 
reading at the price of sometimes severe overlapping. But 
mistakes are few in a complex piece of well-produced printing 
and the book is certain to be highly valued despite its faults 
of presentation. 

Well presented in the first three chapters are: the circum- 
stances which favour fluid rather than electric power, the 
selection of a working fluid, and the fundamental character- 
istics of fluid flow. The chapter on pump efficiency relations 
and the thermal wedge principal of lubrication appears to 
fill a vacant space labelled ‘ Power Supplies ’, but is nonethe- 
less useful and interesting in isolation. The book then settles 
to its main topics with six crisp chapters on oil and pneumatic 
proportional control valves and two on the nature of the loads 
which they must control, building up theory and practice from 
first principles. By contrast Chapter 11 disposes of torque 
motors in one fell swoop. Though inherently well written, most 
engineers will find it excessively short and out of character. 
Two of the other chapters, 12 and 13, are also largely devoted 
to electrically signalled control valves. 

After a sumrhary of feedback control analysis methods, the 
remaining six chapters discuss valve-controlled rams and 
motors. The discussion is largely analytical but illustrated by 
extensive examples. Wherever possible, interactions are 
explained in terms of feedback, and the derivations are in a 
style which will be familiar to all servo-mechanism engineers. 
Although much of the redundancy occurs here, the book’s 
last third makes a strong and valuable contribution to a whole 
which has the makings of a classic work. P. D. BOYER 


Computers 


Electronic Computers—Principles and Applications by T. E. 
Ivall. Iliffe & Sons, London. Philosophical Library, New 
York. 1960. 263 pp. £1 5s. 


This second edition shows, in the extent of its re-writing and 
the swiftness of its appearance, how quickly computers are 
progressing both in their technical refinement and in their 
popularity with the public. Mostly concerned with the 
‘innards’ of digital and analogue computers, the book is 
unmathematical in presentation and designed for technicians 
and others who prefer this kind of descriptive approach. The 
story is clearly and pleasantly written. It begins with some 
history, discusses general principles, and then goes into more 
detail on circuits, components, equipment and applications. 
A speculative final chapter is devoted to ‘Computers of the 
Future ’. 

Illustrations are plentiful, both in line and half-tone, and 


the format is uncluttered. The index could be considerably 
improved 


A. J, D. ELLIS 
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Analogue and Digital Computers edited by A. C. D. Haley and 
W. E. Scott. George Newnes. 1960. 307 pp. £2 10s. 


Written by a panel of contributors—on the excellent advice 
of Dr Say—this book is designed for students new to compu- 
ters. The editors acknowledge in their preface that there are 
several omissions, but express a belief that the background 
given by the book will be helpful in preparing readers for 
pursuit of the latest developments: they are probably right. 

The operation, application and design of analogue systems 
is covered first, and the book then goes over to digital compu- 
ters, concerning itself with number representation, operation, 
componentry, storage, input-output equipment, and program- 
ming. 

The general presentation of the book is satisfactory, and the 
index is quite good. There is a useful list of references given 
with most of the ten chapters, L, P. REEK 


Instruments 


The Instrument Manual edited by J. T. Miller. United Trade 
Press. 1960. 842 pp. £5 5s. 


A useful book in the office, and perhaps a good leaving 
present for someone changing his job, this is still not quite 
the sort of volume that one can advise the engineer to lavish 
five of his own guineas upon. The book is uneven in the 
quality of its content—which is perhaps only to be expected 
with so many different contributors—and the production is not 
worthy of a standard work of reference. This third edition is 
along substantially the same lines as the second, possibly the 
biggest change being that analogue computers have ousted 
navigational instruments (though digitals have been left out). 
Automatic process control has a chapter to itself, and there is 
additional material on the control of particular parameters in 
the specialized chapters. Bias is toward process work, and 
engineers concerned with kinetic control are less well served. 
There is a good index, but one must thumb one’s way back 
through a hundred pages of advertisements to find it. A biblio- 
graphy and buyers’ guide appear at the end of each section. 
A.E.E. 
Similarity 
Similarity and Dimensional Methods in Mechanics by L. I. 
Sedov. Cleaver-Hume Press, London, for Infosearch. 1959. 
363 pp. £5 5s. 
The fourth edition of a book first published in Moscow in 
1943, this well-produced but expensive volume is the latest in 
a series under the general heading of ‘ Russian Science’. A 
surprisingly high proportion of the other titles in the series 
relate closely to the work of control engineers, and this 
may be a reflexion of the importance ascribed to this subject 
in the Soviet Union. The present text is rather on the fringe 
of such interests, but will serve well those who would like to 
gain an insight into the principles and applications of dynam- 
ical similarity. Those who can afford the time (and the money) 
will find it interesting to study the classic mechanical engin- 
eering approach to the problems of simulation. Dimensional 
analysis is of course a fundamental technique, and not res- 
tricted to the interpretation of scale-model tests on aircraft, 
ships and dams. In fact the author goes much further afield 
in choosing his material, and applies himself most interest- 
ingly to astrophysical problems. I. N. KENTON 


Literature Received 
Computer Engineering by S. A. Lebedev. Pergamon Press Lid. J 
184 pp. £3 3s. 701 


Level ate for a 
. Chadwick a 
1960. 8 pp. Is. 9d. 


Introduction to Modern Network Van Valke 


hai by 
John Wiley & Sons, New York, Chapman & Mall London. 1 
498 pp. £4 14s. * 


“Cooled Liquid aaa 
K. J. Taylor. Vi ASS 


% Circle the relevant number on the reader information card facing page 178 
for further information. 
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The gearbox 


AMPEX Instrumentation Tapes is the very heart 


are premium quality magnetic tapes . 
designed for analog recording of a metering pump 


by any of the basic techniques. 
Magnetic properties include high 
sensitivity, and a wide dynamic range 

with a stable output throughout 
the life of the tapes. Exceptionally 

smooth, hard surfaces provide 
cleaner operation with less oxide This Varistroke Gear Box is used in the Metripump type ‘M’ 
shed, offering greater reliability SE ee 
and reduced maintenance. These 


| pressure as the ram diameter—and thus the capacity—is 


tapes are available in configurations | i*te#sed:aneven load is maintained on the gear box. All 


‘ . ; ‘ working parts are totally enclosed in the Varistroke Gear Box 
for a wide variety of applications. and operate in an oil bath so that no external lubrication is 
They are offered on acetate or Mylar* | required. If you would like to know how profitable the right 


‘ . ‘ ‘ | kind of metering pump can be, ask us to send a representative 
backing films, in thicknesses of 0.6, vis sl citloa esate ell send ed 


1.0 and 1.5 mils, and in various 
widths and lengths. All are supplied 
on high-performance Ampex 


Precision Reels or on NAB-type Metering PUPS 


reels. For application information 


write to Ampex Great Britain Limited, Limited 


Arkwright Road, Reading, Berkshire, 21 THE MALL, EALING, LONDON, W.5. 
England. LAMPEX | Telephone: EALing 6264 (PBX) 


May we send you Publications No. 112 and No. 102. 
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TIC a 
VICE 


RAPID OPERATION 

HIGH GRIPPING POWER 
NO OPERATOR FATIGUE 
ROBUST CONSTRUCTION 


Sizes | Depth of | Maximum | Minimum Power Length 
Jaw Opening Opening | Movement | Overall 

A 9 y, 1 ” 17 

4” q" l “” uw 1” 


A time and labour saver for 


” 
” 


gripping workpieces at pre- 


determined pressure. 


PRATT & CoO. LiMtteo 7 HALIFAX , ENGLAND 
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safe automatic burner control 


oS A 
I led.) 


VH3IP Viewing Head . VHIOIP Viewing Head 
for 2” viewing tube. for I£” viewing tube. VH9IP Water-cooled head. 


THE LATEST special uses for which we have provided flame failure and 
ignition programming equipment include the new Tunnel-type gas 
burners, inert gas generators and gas turbines, and our equipment is in 
service from Russia to Peru. 

Elcontrol! units include: 


Photoelectric types—both straight and flicker-sensitive, for oil 
burners. 


Infra-red sensitive types for gas and gas-ignited oil burners. 


The new electrode type (patented) which responds to flame 
modulation, for certain gas burners. 


Flame Proof and intrinsically safe units. 

Complete burner control panels to individual requirements. 
Manufacturers and users of package and other boilers, furnaces, 
bakers’ ovens, process ovens, methane and other special fuel-burning 


equipment, are finding our technical service increasingly useful, and 
we welcome further enquiries. 


Standard steel case housing with- 
drawable chassis for control units. 


(ELCONTROL electronic ci contre?" ty ettue 


Telephone 
MIDLANDS: 
Regd Trade Mark 


A.M. LOCK & Co. Ltd., Newborough Rd., Solihull . . . «. Shirley 5703 
N. WEST: 
ELCONTROL LTD - HITCHIN - HERTS A.M. LOCK & Co. Ltd., Union St., Oldham 


rane SCOTLAND: 
FF Telephone: Hitchin 2411 A. R. BOLTON & Co. Ltd., Bankhead Dr., Sighthill, Edinburgh 11. CRA 5235/6 


- Main 6744 
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PACKAGED SERVO SYSTEMS 
FOR INDUSTRY 


Suitable for 
REMOTE INDICATION 
POSITION SERVOS 


FOLLOW-UP SYSTEMS 


Illustrated is a typical Pullin Packaged Servo suitable for operation 
on 50 or 400 c/s. The unit contains a Synchro, a Motor Generator, 
a Servo Amplifier and a Gear Box. The output can be an angular 
indication in analogue or digital form, a shaft drive or arranged 
‘to suit any particular application. 

Pullin can now provide large or small Packaged Servo Systems 
\operating from 50 c/s or 400 c/s supplies, or the Servo Components 
‘can be supplied separately and a fully operative Control Systems 
Division with specialist services is able to advise on your problem. 
Contact Pullin —‘‘the Servo people’’— for further details or come 
and see a selection of Servo Components on Stand 253, S$.B.A.C. 
Exhibition. 


R. B. PULLIN & CO. LTD. 


PHOENIX WORKS - GREAT WEST RO - BRENTFORD -: MIDDLESEX 
Cables: PULLINCO-WESPHONE LONDON Telephone: [SLeworth 1212 
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REGO 


SYNTHETIC RESIN BONDED PAPER 
& BONDED COTTON FABRIC TUBES 


There are Delanco Tube products for a wide range of 
applications in the electrical and mechanical fields. 
Tubes are produced in synthetic resin paper and 
cotton base, in square, rectangular, round, and 
angular section. They can be supplied in standard 
lengths, and machined, threaded, punched and pierced. 


1. Dual purpose tube for fuse housings. Outer wall of synthetic 
resin bonded paper, with inner wall of Vulcanized fibre. 


Combining the highest qualities of electrical insulation, and 
are resistance. 


2. Round section of Bakelite tube. Produced in bonded paper 
for electrical insulation, and in bonded cotton fabric for 
electrical resistance plus a high degree of tensile strength. Both 
can be machined and threaded. 


3. Synthetic resin bonded paper tubes made up as formers for 
radio, radar, telephone, and electronic instrument work. Made 


in commercial grades or to type-approved specifications. Close 
tolerance slotting and piercing. 


4. Angle section. Can be supplied in paper or cotton base 
either in standard lengths or parted off to size and drilled, 
punched, etc. to drawing. 


5. A typical illustration showing the threading and turning 
possible on all grades of Delanco bakelite tube including coarse, 
medium and fine weaves in the fabric range and commercial and 
high grade quality in the paper base grades. In all grades of tube 
a standard and super gloss finish is available. 


6. Rectangular section, paper base or cotton fabric. Used 
extensively for electrical and mechanical applications, particu- 
larly in the manufacture of bobbins. and in bus-bar housings. 


ANGLO-AMERICAN VULCANIZED FIBRE CO LTD 
CAYTON WORKS, BATH STREET, LONDON, E.C.1 CLE 3271 
For all electrical insulating materials 


ELECTRICAL INSULATION 


Get in touch with the Bakelite Tube 
Department for technical advice and 
assistance. 
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All Liquids and Gases can 

be positively controlled 

by an Alcon Solenoid or 
ACO Air-Operated Valve. Sizes 
from }” B.S.P. to 8” Bore. Pressures 
up to 1,500 p.s.i. Temperatures up 
to 300°C. Body materials to suit all 
media including corrosive acids, with 
Standard, Weatherproof or Buxton 
Certified Flameproof Solenoid Hous- 
ings. Glandless, Fluon Glands or 
Stainless Steel Bellows Glands. 


AIR-OPERATED Type AOD 
—Heavy duty air operated units individu- 
ally designed for control applications 
beyond capabilities of Solenoid types. For 
pressures up to 1,500 p.s.i. Sizes 4” 
B.S.P.—8” Bore. 


SPC.3—Three-way valves for 
electro-pneumatic control systems. Sizes 
up to 4” BS.P. for use with air up to 
150 p.s.i. 


MIDGET Type ACO —Sizes 
up to }#” B.S.P., used for control of air, 
gases, water, oil at pressures up to 300 
p.s.i. Single way—Reverse acting—Three- 
way types available. 


ACH—Hand Reset type, clos- 
ing automatically on current failure, for 
low and medium pressures. Sizes from }” 
B.S.P. to 6” Bore. Inexpensive, simple 
construction, reliable in operation. Also 
available type ACHL. Lever operated for 

use with steam, hot 
water and pre-heated 
fuel oils. 


*Phone : SUTton Coldfield 5227-8-9 


ALEXANDER CONTROLS LTD., REDDICAP HILL, SUTTON COLDFIELD, WARWICKSHIRE 
A MEMBER OF THE CONCENTRIC GROUP OF COMPANIES 
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DELAYED PULSE 
AND 
SWEEP GENERATOR 





A versatile pulse generator 
designed to meet 

the need for a comprehensive 
instrument covering a 

wide range of pulse work. Four 
main facilities are 

provided: a pre-pulse, a main pulse 
delayed on the pre-pulse, 

a negative going sawtooth and a 
fast rising pulse 

formed from a pure line. 


BRIEF SPECIFICATION 





Period Delay 


Continuously variable from 0-9usec to Conclusion of pre-pulse to advent of 

1-05sec i.e. 0°95c/s to 1-1Mc/s. Accuracy +5%. main pulse, delay variable from 0-09usec to 
? 105msec. Accuracy +5%. 

Pre-pulse 

Sweep 

D.C. coupled negative going sawtooth same 

width and delay as main pulse. 


40musec. 8V peak in 752, positive going. 


Main pulse 15V peak max. 
Width: Variable from 0-09usec to 105msec 
+ 5%. Cable pulse 


Amplitude: Control gives 4:1 attenuation of each Obtained from short circuited pure line. 











of four maximum outputs as follows: One positive and one negative going pulse 
5V maxin 75Q rise time 10myusec coincident with main pulse. 
10V max in 1500 rise time <20musec 25musec wide 3V max in 75Q, rise time 
25V max in 6002 rise time <40musec <8musec. 
50V max in 10002 rise time 50musec 

Polarity: Positive or negative going. Sync, trigger or single shot facilities provided. 


Accuracy: +2%. Full data available on request. 





CINTEL RANK CINTEL LIMITED 
WORSLEY BRIDGE ROAD : LONDON : SE26 
HITHER GREEN 4600 










Sales and Servicing Agents: Atkins, Robertson & Whiteford Ltd., industrial Estate, Thornliebank, Glasgow 
McKellen Automation Ltd., 122 Seymour;Grove, Old Trafford, Manchester, 16, Hawnt & Co., Lted., 112/114 Pritchett Street, Birmingham 6 


SHIRE 
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WESTON 


moving coil panel Instruments 


are now available 
with SQUARE FRONTS 


Complementary to the existing ranges of round, 
rectangular and edgewise instruments, this new series 
has been introduced for use on equipment where 
square fronted instruments are preferred. 


ARUN ENA SATE RSI on 


a 


ELSES SESE ESOP BES 


3 sizes are available with flange dimensions 
of 2.25”, 3.187” and 4.50” square. 

For further particulurs including ranges, 
write for details of Models $.219, S.220, 
$.221 and S.236. 


SR? 


hs 
Ee 


SANGAMO WESTON LIMITED 
ENFIELD, MIDDLESEX 


Tel: Enfield 3434 (6 lines) 41242(6 lines) 
Grams : Sanwest, Enfield 


RIS ee Seige ya at 


ERE BYE 


AR ARRAN EO 
SS 





4 Used in the manufacture of 


2 Glass-to-Metal Seals, Valve 
ae : Bases, Transistors, Rectifiers, 
el . etc. Preforms can be supplied 
rr in all shapes and sizes for iron, 
kovar, copper and dumet seal- 
‘ ing. We guarantee uniform 
u R E k () R M S age quality, precise tolerances, effi- 
per me cient production in any quantity, 

SP ol and rapid deliveries. 

y { a n d 0 n All enquiries to: 


; MANSOL 
their own (Great Britain) LTD 


HOLLANDS ROAD, 


i e e { HAVERHILL, SUFFOLK 
Tel.: Haverhill 441-2-3 
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SAUNDERS -ROE 


specify 
HASSETT & HARPER 
CABINETS 


In these Hassett & Harper Cabinets and Consoles, 
Saunders-Roe housed specialised equipment for 
testing and firing the all-British Black Knight 
Research rocket. 

Saunders-Roe Limited are just one of our customers 
who appreciate the lively interest which our 
engineers display in every job they do. 

From the initial construction stage, through pilot 
development work, to the completion of a precision 
engineered job delivered on time, we operate with a 
dual ideal in mind: to give the customer what he 
needs and to maintain Hassett & Harper standards at 
their consistently high level. 

The standard range of Hassett & Harper Cabinets, 
variable in a wide combination of ways, meets most 
requirements, while a custom-built ‘special’ can meet 
any requirement. Ministry K114 Standard is regularly 
adhered to. 

You should have details on file. May we supply 
literature ? 


AGRI BAAS AIA ND ce 


oh Cold ms -=_ ltd 


REGENT PLACE BIRMINGHAM 1 
Telephone : CENtral 6418 


LONDON SHOWROOM 
GREAT CUMBERLAND PLACE LONDON W.1 
Telephone : Paddington 4691 
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* Well-proved design. 


* Up-to-date folded section 
construction. 


Gl Racks 
* Rack tappings to suit 
British, U.S. and Conti- j 


nental equipment. . ® 
are engineered to your requirements 


* Identical front and rear 


frames. In the finest quality zinc-coated steels and finished 
i Glattodenre ebony eso on \ in high-relief hammer stove enamel; other finishes 
front or rear. available to your own particular specification. 


* Cooling by blower, extrac- Delivery period for most standard 
tor fan or natural convec- Racks is seven days. 


tion without modification to 
METAL PRODUCTS LTD. iy. 


rack. 
COLNE WAY TRADING ESTATE - WATFORD-BY-PASS 
WATFORD - HERTS 


GROUP 
Telephone: Watford 22351 Telegrams: Datum, Watford 


NON-ELECTRIC te ae je ee ee ee ee CON TROLS 


ECONOMY 


SIMPLICITY 


Ue E 
hare De 
VALVES & CYLINDERS 


Ps HYDRAULICS & PNEUMATICS LIMITED 


WULFRUNA WORKS - VILLIERS ST - WOLVERHAMPTON ~- Tel: 24456 
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. . 80% of the work performed by the Z-g Diagraph is done 
TEN TIMES FASTER than on any other equipment. 


. . . Offers new approach to old problems with unequalled 
simplicity of operation in its field. 


Measures directly and rapidly any complex or simple impedance 
—from a TV antenna array to a transistor for VHF circuits. 


Shows immediately the effect of experimental circuit adjustments. 
Essential for rapid alignment of networks in production testing. 


Provides direct reading on interchangeable charts for | 
R+jX, Impedance, admittance and phase angle 
Polar matching - Reflection coefficient and phase angle 
Attenuation/gain db., versus phase shift in four terminal 
networks | 


Used by the Armed and Civil Services, and leading radio and 
electronic manufacturing engineers in Britain, European and 
American countries. 


Made by the foremost instrument manufacturers, Rohde & 


The ideal tool for research and develop- 
Schwarz, Munich. Demonstrations on request: Sole agents: 


ment, eliminating lengthy and difficult 
calculations in 2-terminal and 4-terminal 
networks. 


AVELEY ELECTRIC LIMITED 
SOUTH OCKENDON ESSEX Telephone: South Ockendon 3444 — Telex: 24120 Avel/Ockendon 


P. 4296 
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WORLD FAMOUS FRACTIONAL 
HORSE-POWER GEARED MOTORS 


SERIES WOUND GEARED SHADED-POLE INDUCTION 
MOTOR—Type ‘K’ GEARED MOTOR—Type ‘FA’ 


R.P.M. — TORQUE | R.P.M. — TORQUE R.P.M. — TORQUE | R.P.M. — TORQUE 


100z.in. | 37.5 4 ib.in. 216 40z.in.| 13.5 2402. in. 
16 oz. in. | 25 4 Ib. in. 108 7oz.in.| 9 300z.in 
240z.in. | 18.8 4 1b. in. $4 10oz.in.| 6.7 35oz.in 
320z.in. | 12.5 4 Ib, in. 36 = 12. oz. in. 4.5 4402. in. 
360z.in.| 9.4 4 1b. in. 1Soz.in.| 3.35 3 Ib. in 
Output-shaft has 12 3Ib.in. | 6.25 4 1b. in. 20oz.in.! 2.25 4 Ib. in 
positions. 


Integral Wormgear 
Reduction. VARIABLE SPEED GEARED CAPACITOR INDUCTION 
Ventilated — Drip MOTOR—Type “KQ’ GEARED MOTOR—Type ‘N’ 
Proof. 
R.P.M TORQUE | R.P.M. — TORQUE R.P.M. — TORQUE | R.P.M. — TORQUE 
Vacuum Impreg- | 
nated Windings. 200-600 9oz.in. | 12-37.5 4 Ib. in. 456 8oz.in.| 28.5 3b. in. 


Dynamically bal- 100-300 16 oz. in. 8-22 4 Ib. in. 228 3=13 oz. in. 19 4 Ib. in. 


es 50-150 200z.in. | 6-16.5 4 Ib. in. 114 2tozin.| 142  41b. in. 


32-100 320z.in.| 4-11 -4 1b. in. 76 260z. in. 9.5 41b.i 
25- 75 4002. in. | 3- 8.25 4 Ib. in. $7 320z. in. 7.1 4 1b. i 
16- 50 48 0z.in.| 2- 5.5 4 1b. in. 38° 4402. in. 4.75 4 1b. 


CITENCO LIMITED 


(Dept. C58) 
MANOR WAY - BOREHAM WOOD - HERTS - ENGLAND 
Telegrams: Citenco Borehamwood. Telephone: Elstree 3666-7-8 


WITH TRANSPARENT DUST COVER 
@ 6 Change-overs Light Duty AND PLUG-IN BASE 


@ 6 Makes or 6 Breaks Heavy Duty As supplied exclusively for 
tt Sx. BERKELEY 
2 Change-overs Light Duty j es 


@ Transistorised to operate as low as Wy ,~ < = a ‘\ POWER STATION 


NOW SUPPLIED AS FOLLOWS: 


3 micro-amps : 

@ A.C. Operation for: év. I2v. 50v. ’ 
110v. and 250v. A.C. 

@ Double Wound Coils 

@ P.T.F.E. Insulation 


@ Operate and Delay up to 5 Seconds. 


A.1.D. A.R.B. 

ADMIRALTY APPROVED 

3000 & 600 TYPE RELAYS SIZE OF BASE 
2y xy" x} 


A D S RELA ¥ S$ ae) 89-97, ST. JOHN STREET, CLERKENWELL, E.C.! 
a A a Telephone : CLErkenweill 3393/4/5. 
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THE HEART OF A COMPUTER IS SMALLER THAN A PENNY 


The cube-shaped object in the picture measures 
only half aninch across. Yetitis the hard-working 
heart of a modern computer system. It is the 
McMichael ‘‘divide by two”’’ binary element, de- 
signed to be used as a versatile building block for 
use in airborne and space probe computers. 
Airborne computers must be light and indifferent 
to temperature variations. McMichael have met 


the stringent conditions demanded and reduced 
the weight and volume of the binary counter to 
the size you see here. It is the smallest unit of its 
kind in the world. Moreover, it is inexpensive and 
suitable for mass production. It is adaptable for all 
the uses to which a binary counter may be put. 
This tiny instrument represents yet another 
great achievement of McMichael engineers. 


McMichael 


LANGLEY PARK, SLOUGH, BUCKS 


DESIGNERS AND MANUFACTURERS OF ELECTRONIC EQUIPMENT FOR LAND, SEA AND AIR: 


1960 
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Your guarantee of satisfaction 





Always refer to the 


STANLEY 


“A” EDITION CATALOGUE 


The ‘‘Stanley” range comprises all that is best in:— 





Surveying Instruments and Equipment. 
Drawing Instruments. 

Drawing Office Equipment. 

Drafting Machines, Drawing Scales. 
Mathematical Instruments :— 

Planimeters, Integrators, Integraphs, 
Harmonic Analysers, etc. 


Copies of the “‘A” Catalogue will be sent on request (Con.A1) 





Head Office & 


Main Works. NEW ELTHAM, LONDON, S.E.9 


Phone: ELTham 3836. Grams: “Turnstile” Souphone London 


Showrooms :— 
78/80 High Holborn, London, W.C.1 (Phone: HOLborn 2684) 
Branches:— 
W. F. STANLEY & Co. Limited. 73 Railway Approach, London Bridge, London, S.E.1 (HOP 0871/2) 
mited 52 Bothwell Street, Glasgow, C.2 (Central 7130) 

































As acknowledged leaders in the 
automatic resistance welding field, 
British Federal have a very wide 
experience of specialised control 
equipment. 

The Company’s considerable 
resources in design manufacture 
are now available to industry 
generally, for the production of 
special purpose electric and elec- 
tronic control equipment. 

This covers the control not 
only of welding machines, but of 
motors, machine tools, conveyors 
and all types of automatic trans- 
fer equipment, and it also includes 
semi-standard panels which can 
be tailored to suit a wide variety 
of specific applications. 


British Federvak 


The British Federal Welder and Machine Co. Ltd. manufactures 
a comprehensive range of welding gear and allied equipment and at el ee 
has considerable experience in applying welding methods to Processing. 

industrial problems. 















Type WFO/1. A 3-stage 
electronic sequence timer 
available in a_ wide 
variety of models and 
ranges. 









ff 





ALL TYPES RESISTANCE WELDING MACHINES AUTOMATIC AND MANUAL CONTROL ° JIGS, TOOLS AND FIXTURES 
BRITISH FEDERAL WELDER & MACHINE CO. LTD. CASTLE MILL WORKS, DUDLEY, WORCS. TELEPHONE DUDLEY 5478! 
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TMC Elmeg Counters are as near perfect as 
they can be made by the human skills of 
technical experts with years of experience 
and the most advanced equipment at their 
disposal. As a range, they are exceptionally 
versatile—offering a choice which should 
match up to even the most remote require- 
ments. Available in “‘Print-Out” and ‘‘Read- 
Out”’ form, they have fast operating speeds of 
up to 40 per second. They operate on up to 
240 Volts, with uni-directional or bi-directional 
motions. Re-setting to zero by electrical, 
mechanical or electro-mechanical methods. 
There are auxiliary contacts operating on 
each revolution of a numbered wheel. The 
range includes counters for flush panel mount- 
ing and surface mounting. No special servicing 
is required. 


Write now for further information 


| TMC 


Versatile range with 
extensive applications 


Offering utmost 
reliability 


In some cases 
extremely compact 


ZDmh—An 0-24 hours printout counter for 
vertical mounting. 


PZ5e1R—5-digit counter with electrical and 
mechanical reset. 


Telephone: GiPsy Hill 2211 


1960 


The number of applications 
for which TMC Elmeg Coun- 
ters can be used to advantage 
are far too many to list in 
detail. The following will 
act as a general guide: 


*% Inconjunction with proxi- 
mity switches or photocell 
equipment on production 
flow lines. 


* In factory statistical 
equipment. 


* In factory process control 


*% In computers and office 
accounting machines. 


You can register up to 
9,999,999 on 
TMC Elmeg Counters 


TELEPHONE MANUFACTURING COMPANY LIMITED 
Relay DivisionC Hollingsworth Works - London SE21 
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Optical digitizers 


@ No rubbing contacts 

@ Only one moving part —a glass disk 
@ Low torque 

@ Low moment of inertia 

@ Long Life 

@ Only 3in. in diameter 


Optical digitizers are 
RELIABLE! 


98 ST PANCRAS WAY : LONDON 


COUNTER 


AT NEW LOW COST 


Rated speed-up to 1000 Counts per minute 
Designed for panel or base mounting 
Centre reset by knob 

Connection by flying leads 

Maximum voltage 110 D.C.—250 A.C. 


English Numbering Machines Limited MODEL 442 
Dept.2K - QUEENSWAY - ENFIELD + MIDDLESEX 


Telephone: HOWard 2611 (5S lines) Telegrams: Numgravco, Enfield Full technical information on request 


LEADING MANUFACTURERS OF COUNTING AND NUMBERING DEVICES 
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£178 ex works, 
the cheapest 
100 kc/s 

digital counter 
offering so many 
features 


What makes a down-to-earth engineer say: 


For all its compactness and portability, the SA.20 combines high RELIABILITY: oe 
performance and accuracy with quite surprising versatility and Y ting printed cireuicn. 


printed circuits. 

simplicity in use. 
Thus, once introduced into a laboratory or production unit, it very DIMRA Mm pS 83,2007, 32 lbs. Measures 
quickly earns its keep and its popularity. Its three main functions will ; 
suggest many applications : These are :— ADAPTABILITY pon Rp ay oapane 
1. Frequency measurement from 10 c/s to 100 ke/s. a" 
2. Periodand time interval measurement from 10 microseconds to 1 second. 
3. Regular or random pulse counting and totalising. WHAT Mm + | count + 005% 

Write for full specification. 


RAGAL INSTRUMENTS LimMitgteo 
WESTERN ROAD, BRACKNELL, BERKSHIRE. Tel: Bracknell 941 Grams/Cables: RACAL BRACKNELL BERKS 
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In chess the major 








pieces exercise 


REMOTE CONTROL 


For the same flexibility 






of manoeuvre in design 


eT aes eee, 









This bridge, which provides 30 amps at 188 
volts, costs £18.13.0d. and is an example of the 













attractively priced rectifiers in our range. 

We can supply 10 amp and 50 amp cells with 
maximum p.i.v. up to 400 volts ex stock, and 
stack assemblies of them in all the usual con- 
















nections. The small losses in these modern 
devices permit rectification efficiencies well in 
excess of 99%. May we send you details 
and prices ? 


THE S. S. WHITE DENTAL MFG. CO. (G.8.) LTD. 
IMOUSTRIAL DIVISION 
Britannia Works, St. Pancras Way, 
London, N.W.1. 







[| The knowledge and experience of our 
advisory department is always at your 
disposal. Ask for an engineer representative 
to call. 


















Invaluable technical 
handbook available on 
request to Dept. C. 


J. STONE & CO. (DEPTFORD) LTD. 





ARKLOW ROAD LONDON S.E.14 








ESTABLISHED 1831 | 4 
Full information on request from | 
| 
SEMICONDUCTOR DIVISION | R.C, 12 
LOCATION 14 GATWICK ROAD CRAWLEY TEL: 25251 - 
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Teleflex Industrial Actuators solve many 
problems in the control of heavy loads. 
Remotely — electro-mechanically — simply 

— economically — accurately. 

Teleflex actuators for industrial remote control. 
Suitable for operating equipment which is 
normally inaccessible (valves, dampers etc). 


TELEFLEX PRODUCTS LIMITED BASILDON ESSEX 


Teleflex 


CONTROL September 1960 


Telephone: Basiidon 22861 Grams: TELEFLEX PHONE BASILDON 
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MORE PERMANENT CAPITAL 
IS WHAT YOU NEED 


to finance new equipment, plant, machinery and buildings for 
your expansion and progress. 





















Capital for this purpose is provided 
both in the form of long-term loans and share capital by 


The booklet ‘Capital for Business’ will be sent on request 
INDUSTRIAL & COMMERCIAL FINANCE CORPORATION LTD 
HEAD OFFICE: 7 Drapers’ Gardens, London EC2. National 8621/5 


and branches in industrial centres 





















(Austin Cold-Cathode 

Electronic Switching 

ey System, made under licence 

a from the Austin Motor Co, 
Ltd., and Hivac Ltd.) 


a static switching system 
using Cold-Cathode Tubes, 
possesses the advantage 
of self indication. 





This control system is suit- 

able for many applications 

including complex machine 

f. tool and conveyor 
vm installations. 





Master Control Cubicle Write for Technical 


Literature. 


Typical Application—Metalworking Transfer Machine. 


SAFUSE WORKS - NORTHCOTE ROAD - STECHFORD - BIRMINGHAM 33 
Telephone: STECHFORD 2277 (5 iines) 


THE DONOVAN 
ELECTRICAL Co. Ltda. 








ELECTRONICS DIVISION 
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M4 low cost automation 
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| system 
e Tubes, 
dvantage 


n is suit fixed programme controller 
ications for simple applications. 

machine 
iveyor 


flexible programme controller 

of great versatility. 

Shown here applied to a Ward No. 2 
capstan lathe for unattended Operation, 


Shown here as an Operator's aid 
on a commutator trimming lathe. 


The fixed programme controller using relay logic to control 

pneumatic cylinders has been found to give faster, easier 

working for the operator combined with increased safety. 

TELECOMMUNICATIONS 


inical The flexible programme controller uses cold cathode tubes 
| PLUGS - LEVER KEYS - CABLES 


for reliability. The programme matrix wiring is permanent 

d there are no loose external wires. Pneumatic and hydraulic eS 
~~ A : ; . : Y CONTROL PANELS - MOULDINGS 
(air-oil conversion) cylinders are used as appropriate. COUNTERS - PLUNGER SWITCHES 


MAGNETIC AMPLIFIERS - RELAYS 

e SATURABLE REACTORS - JACKS 
M - INSTRUMENTS 

THE PHOENIX TELEPHONE AND ELECTRIC WORKS LIMITED, eur TENONE - 


THE HYDE, LONDON, N.W.9. Telephone COLINDALE 7243 TRANSISTOR INVERTERS ~ SELLS 


PROTECTORS - WIRES - BUZZERS 
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ECONOMICAL 
Temperature Gontrol 


The Cambridge high standards of accuracy and relia- 
bility are available in this recording controller and the 
price is thoroughly competitive. Temperatures between 
minus 75°C and plus 600°C (minus 100°F and plus 
1,100°F) are covered, using either a mercury-in-steel or 
a gas-filled system. It is made in three main forms—for 
electrical, pneumatic or hydrostatic operation, the latter 
two being suitable where flame-proof restrictions apply. 

The controller is single or double (as illustrated) and 
one system of the latter can also be used to control 
pressure. Alternatively, the instrument can be arranged 
to give programme control, and provision is made for 
the operation of visual or audible alarms, timers or 
other mechanical devices, 

Charts (10 inches diameter) are available for 12 hrs, 
24-hrs, 7 days or other durations. 


SEND FOR LIST CD 334 
For future publications, ask for mailing form CD/9/60 


THERMOGRAPH 
CONTROLLERS 


CAMBRIDGE INSTRUMENT COMPANY LTD 
13 Grosvenor Place, London, S.W.| 


FLUOROSINT 


ROD TUBE TAPE = wstTOM MADE PARTS 





A NEW FLUOROCARBON 
TFE BASE PRODUCT 

with improved mechanical 
and thermal properties 


Extensive research has produced a new TFE base material 
with the following outstanding characteristics: Li 
low thermal expansion only one sixth that of PTFE POLYPENCO 


Write for 
exceptionally close moulding tolerances further detalis to: 


TRADEMARK 
chemical and electrical properties similar to PTFE POLYPENCO LIMITED 
excelient friction and wear characteristics 68-70 Tewin Road 

’ 
greater stability against thermal shock Welwyn Garden City, Herts. 


Telephone: Welwyn Garden 5581-3 


FLUOROSINT is a trademark — patents pending. AD & ARB APPROVED. 
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For any type of 


SOLENOID VALVE 


— whatever your need a 





PITA TATOO IO II ot otk 


SPECIALS made to suit 


customers’ requirements 


if the solenoid valves you require are not 
included in our comprehensive standard 
ranges, our Design Engineers will gladly 
develop special types to suit your require- 
ments. Whatever your need, send us your 
enquiries for prompt attention. 


This vibration-proof solenoid valve was custom-built for use 
in diesel locomotives. 
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MANUFACTURERS OF 


M4 ALUMINIUM and BRASS 


PLUGS and SOCKETS 


Sole licensees in the U.K. for 
“ DEUTSCH" MINIATURE CONNECTORS 


THE AIRCRAFT AND ELECTRICAL DIVISION OF 


SMART & BROWN (Machine Tools) LTD. 


25 MANCHESTER SQUARE - LONDON - W.1. Telephone WELBECK 794{ 
Member of the GAS PURIFICATION AND CHEMICAL GROUP OF COMPANIES 





‘DIAMOND 4H’ 


SERIES B.R. & B.S. 


4 POLE DOUBLE THROW RE L AYS 


MINIATURE-HERMETICALLY SEALED FOR HIGH PERFORMANCE AND RIGOROUS ENVIRONMENTAL CONDITIONS 


CONTACT Up to 10A 30V DC and 115V AC resistive also dry 
RATINGS: circuit and other special ratings on application. 

TEMPERA: SERIES BR — 65°C to + 200°C Max. 

TURE RANGE: SERIES BS — 65°C to + 125°C Max. 

VIBRATION & Up to 8000 CPS in excess of 20G'S 

SHOCK: Mechanical soa in excess of 1000G’S 
OPERATING Less than 12 to 50,0002 On type BS coils are 
COILS: separately  # ‘hermetically within the sealed case 

WEIGHT : 4 ozs. Max. 

MOUNTINGS : 10 different mountings including plug in and screw and 
stud terminal block available. 
General Purpose Relays, Polarised Relays also available 


‘DIAMOND #H’ SWITCHES LIMITED. 
GUNNERSBURY AVENVE. CHISWICK, LONDON, W.4. 
Telephone: Chiswick 6444 Grams: Diamonhart Chisk, London 
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When the ‘right time’ is essential 


in process cycles 


or welding current duration 





depend on AE I electronic timers 


ORS 


GENERAL PURPOSE AND PROCESS WORK—TYPE FU 21 
> Available from stock in timing ranges covering 0-5 to 180 seconds 


7941 
PANIES >» No moving parts in timing circuit 

p> Easily arranged to operate in individual control schemes 
> High repetitive accuracy 


» Suitable for 40/60 cycle a.c. supplies of 110, 200/250, or 400/440 volts 


WELDING—TYPE FW 19 
> For control of resistance welding machines 
> Timing range 0-1 to 10 seconds 
>» No moving parts 
> Supplied with separate rheostat for remote setting 


> Available from stock for immediate delivery 


TIONS 





Please write for further technical details. 
Our engineers will be pleased to help you with 
your automatic timing problems. 


Associated Electrical Industries Limited 
Electronic Apparatus Division 
NEW PARKS, LEICESTER, ENGLAND 


AS38S 
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A UNIVERSAL A.C. VOLTAGE & CURRENT CONTROL 
. » » With universal fixing centres Delivery 


from 
stock 


For the most up-to-date variable transformers . . . for early 
delivery, too, the obvious choice is the Berco Rotary Regavolt, 
model 42A, rated at 580 V.A. With a maximum input 
voltage of 250 V. it will supply a variable output from 0-270 V. 
Moderately priced at £7.0.9d. (skeleton type) and £8.5.11d. 
(protected type as illustrated) the Berco Rotary Regavolt 
represents the finest value today at the lowest cost. 


* CONSTRUCTION: Toroidally wound auto-transformers, 
with tracks formed on one face of the windings. 
%* CORE: Wound from a continuous strip of low loss electrical 
steel in a similar manner to the well-known C core con- 
struction. 
INSULATION: Specially processed plastic mouldings 
ensure minimum shrinkage due to heat and continuous use, 
and prevent any possibility of the turns slackening. 
WINDING: Of high conductivity copper, insulated with a 
synthetic enamel of the polyvinal acetal-phenal formaldehyde ea : 
resin type, giving good space factor, exceptionally high Write for list 615A 
abrasion resistance and prolonged heating resistance. oa. aes i 
FRAME: Of die cast aluminium, incorporating long spindle i models in the Rotary 
bearings and mounting feet to ensure accuracy and rigidity Regavolt range. 
of the mechanism in relation to the fixing holes. 
BRUSHES: The brushes are of a special carbon for its THE BAITHES ELECTRIC RENSTANCE CO. LED., 


. t.2 ° - - QUEENSWAY, MIDDLESEX 
contact resistance characteristics, shaped to.give minimum Telephone: HOWard 2411 ‘Telegrams: Vitrohm, Enfield 
loss, maximum strength and longest life. Specialists in the control of current and voltage for more than 25 years 


OIL FREE 
COMPRESSORS 


DISPLACEMENT RANGE 1{ to 136 c.f.m. 


In the Food Processing, Brewing, Chemical and 
Paper Industries, also for pneumatic instrument 
control, it is essential that the air is free from 
oil in both droplet or vapour form. The @ 
compressors use carbon rings and completely dry 
cylinders to achieve this purpose. 


Manufactured now for several years they have 
proved themselves successful in many industries. 


For further details please write requesting 
Leaflet Nos. 4, 20, and 28. 


Illustrated is the twin cylinder model AER — » 
having a free air delivery of 50 c.f.m. oo oe i Sea neon o i n — 
, S) ; -_NGLAND 
oes mee] ee rT Te oT P F 
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INTERKAMA STAND No 


B/2025/6/D 


...in this case up to 1Mc/s. And the inside of the 
Advance time and frequency measuring counter type 
TCI is rather exceptional. Over 145 transistors and 
21 printed circuit boards have been combined in an 
A ae , advanced design to provide the full facilities and high 
ACRE performance expected of a first-grade laboratory 


\N N \' instrument. 


2 P' 
; EEE Net price in U.K. £350 


Leaflet GY101 will be forwarded on request. 
SIX FIGURE DISPLAY accurate to +1 count 
2S . \ : LJ eT \ FREQUENCY MEASUREMENT from 10 to 1,000,000 c/s 
oe tH Hs, TIME MEASUREMENT from I u sec. to 2,777 hours 


* PERIOD MEASUREMENT | or 10 periods of input wave- 


cal and form down to 10 c/s 


rument RANDOM COUNTING totalling over any period 


OUTPUT TIMING PULSES from 10- to 10° p.p.s. 
INTERNAL STANDARD oven controlled 1 Mc/s crystal 


STABILITY + 1 part in 10° at 25°C 
SELF-CHECK FACILITIES to internal crystal standard 


FREQUENCY MEASURING PERIOD 0-1, 1:0 or 10-0 
seconds 


REPETITION OF COUNT manual or automatic 
POWER CONSUMPTION 3W (battery). 14VA (mains) 


DIMENSIONS length 12 in., height 9 in., depth 6 in., 
weight 12 Ib. 


* AND NOW—Virtually to d.c. with V.L.F. 
Converter type C.A.1. 


Advance COMPONENTS LIMITED 


Ce a 
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LET E.P.S. 
There are many ways of SCIENTIFICALLY 


packing sensitive engineering 

items, from radio valves to SOLVE YOUR 
large engineering assemblies; but there is only one satisfactory method — scientific PACKING 
packing by EXPORT PACKING SERVICE. EPS ensure safe storage and safe 

arrival, thus reducing.customer complaints and cutting costs. PROBLEMS 


ry EXPORT PACKING SERVICE LIMITED 


i rs] E IMPERIAL BUILDING, 56 KINGSWAY, LONDON, W.C.2 
ue Tel: CHAncery 5121-3 Grams: EXPAC WESTCENT LONDON 
Works at Sittingbourne and Chipping Warden near Banbury 


ANNOUNCING THE NEW 


ilivae 


NUMICATOR 


a high quality miniature, 
in-line, digital display tube. 


The XNI NUMICATOR displays digits from 0 to 9 
(or other symbols such as “+” or “—” or fractions if 
required) clearly and brightly. It operates from a 
minimum voltage of 180v. D.C. and at a current of 
approx. 1-SmA. 


= Our Technical Service Department 
Hi IA / fr a is ready to provide further details 
(AEE PUTTS) os cpplccticn 


A Member of the Automatic Telephone & Electric Group 
Stonefield Way, South Ruislip, Middx. T : Ruislip 3366. 
P.N.2. 
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From one to twenty-four accurate recordings - PRETT OEP eE rT errr errr arr errr 
on an easy-to-read strip chart that is 12}” wide . 
~with an instrument that combines fast response, 

sturdy construction and superb design- 

simplicity! These are some of the advantages 

behind Dynamaster’s reputation for efficiency 

in industrial plants, pilot plants, laboratories 

and research units. Let us tell you more about 

Bristol’s Dynamaster - available as a self- 

balancing potentiometer or as a bridge 

instrument for dependable recording or control. 


eee” 


DYNAMASTER POTENTIOMETER 


controis and/or records quantities that can be 
measured in terms of D.C. voltage or current. 


Continuous measurement. 
Few moving parts. 


Wide chart and boldly-figured 


indicating scale. 
DYNAMASTER BRIDGE 


controls and/or records variables which are 
a function of resistance or capacity. 


Single or multi-channel models 
available for quick delivery. 


Complete information from 


Chemical and Oil Section PROCESS CONTROL DIVISION 
ELLIOTT BROTHERS (LONDON) LTD 


CENTURY WORKS, LEWISHAM, LONDON SE13 Telephone: TiDeway 1271 


ay A MEMBER OF THE ELLIOTT-AUTOMATION GROUP 


CONTROL September 1960 Circle No 125 on reply card for further details 









Circle Ne 126 on reply card for further details 


NUCLEAR 
INSTRUMENTATION CHEMICAL 


ELECTRONIC 





LABORATORY 


CONDUCTIVITY BRIDGE 
SL 





This mains-operated instrument has a bridge frequency 
of 1500 c/s, and covers the very wide range of 0.05 to 
1 x 10° micro mhos in seven ranges. 





A portable fully -transistorised 
bridge is also available. It covers 
the range of 0.5 to | x 16° micro 
mhos in six ranges. 






A. 





M. LOCK & CO. LTD. 








79 UNION STREET, 
OLDHAM, LANCASHIRE 


Tel.: 6744 
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mel... 


. by it’s hump—or from the expression 





on it’s face for that matter. But one 
glance at a P. & G. pressure gauge reveals 
an instrument of quality, made by 





craftsmen to ensure accuracy and 
dependability for a very long time. This 
is nO mirage—see one for yourself. 

The range of P. & G. pressure 

gauges includes many different types to 
suit most applications—vacuum, 
combined, altitude, electric contact, 
differential, critical, duplex 
diaphragm, capsule etc. 
Write for Publication No. 87 


Dee & Griffiths Ltd 


TUDOR WORKS - 
SMETHWICK 











WINDMILL LANE 
BIRMINGHAM 
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HML EQUIPMENT 
INCLUDES: 


Pulsometer Pump Test 
Unit; High-pressure Fil- 
ters; Hydraulic Propeller 
Test Benches; Autostatic 
Hydraulic Power Pack; 
Universal Hydraulic Tyre 
Remover; Aircraft Pump 
and Hydraulic Motor Test 
Rig; Air Bleed Turbines 
for Starting and Pressure 
Testing; Valves; Brake 
Test Unit; Tensioning 
Test Unit; High-speed 
Gear Boxes; High-pres- 
sure Accumulators; Hy- 
drostatic Rig (Single and 
Double Acting); Univer- 
sal Hydraulic Test Rigs 
Mk. Il, Mk. Ill and Mk. IV 
(Diesel or Electric Pow- 
ered) 


HML VARIABLE PRESSURE 
REDUCER VALVE 


Experienced engineers at HML The only pressure reducing valve on the market today 
are always ready to get to grips that will maintain set reduced pressure under varying 
with problems arising from the pressure and flow conditions. Pressure range 0-5000 


design requirements of si. Fh 10 g.p.m. 
modern hydraulic systems. You'll Reh Fa EGE STS Eps 


find HML Ministry approved units 
and components used and relied 
upon wherever high standards 


: HML AUTOMATIC GAUGE 
of performance are recognised. ISOLATOR 


Protects Gauges from sudden surges beyond their 
: : capacity. The adjusting screw is set to isolate at 
equipment built to users’ own re- 90° of the gauge full scale reading. Fit a number 
quirements. The unit shown above of pressure gauges together with their appro- 
was supplied to a large aircraft priate isolators and obtain a very accurate indi- 
company. cation of pressure throughout the entire system. 


iii k= HML (ENGINEERING) LTD. AIRCRAFT DIVISION 
’ if Head Office: 466-490 Edgware Road, London, W.2 


Harpers Yard, St. John’s Road, Isleworth, Middlesex Tel: ISLeworth 3011 


All types of special hydraulic test 
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wherever there | 
are cables to 
be fixed - 





you'll find 


—_—— nn eee 
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CABLE CLIPS 


Every year more and more millions of Insuloid Cable Clips are 
supplied all over the world to Radio, Electronic, Switchgear, 
Domestic Appliances, Aircraft, Marine Engineering, Atomic Energy, 


Electrical Contracting and Laboratory Equipment manufacturing 
industries. 


In fact wherever a high grade and secure fixing is required for 
cables, tubes, or components, and whatever the climatic conditions 
Insuloid Cable Clips will be found. 


...in nylon 
Type NX 


% Moulded from the highest grade Nylen of 
immense 


strength. 
*% Light as a a the weight of metal. 
% Resistant practically all forms of cor- 


te Suitable for use in extreme climatic con- 
ditions. 





oan ata 
Cable grip and locking features. 
¥ ‘Avaitaiie te 27 dues bea 4 


. 0. MPR. 


Type X 


Manufactured in highest grade P.V.C. in 
twenty-five different sizes from 4” inside 
diameter to 2” inside diameter to cover 
the smallest and largest wiring runs. 


1” inside diameter. 








Type CY 


For dual cable runs in seventeen sizes, 
covering cable diameters 4%” up to #”. 
In highest grade hard P.V.C. 







Send today for descriptive literature covering the full 
range of \oulerd Cable Chee i” 


INSULOID MANUFACTURING CO. LTD. 


SHARSTON WORKS, LEASTON AVE., WYTHENSHAWE, 
MANCHESTER 22. Tel: WYThenshawe 2842 & 3163 
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COCKBURNS ROCKWELL 


D.D. diaphragm valves 


Leak-proof control of 
Corrosives 
with positive shut-off 





The diaphragm seals gas or fluid within 
the valve body while the disc ensures 
positive closure, Losses during operation 
are prevented and complete safety is 
ensured with corrosive fluids or gases. 
Oversize port design greatly increases the 
capacity of the valve. 


Available with or without lining; corrosion 
resistant union ends allow the lining to come 
up over the face of the union. 


COCKBURNS LIMITED 


Cardonald, Glasgow, S.W.1 ” 

Telephone: GOVan 2146/9 

Telegrams: Cockburns ’phone Glasgow Ml 
45 
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AUTOMATIC 
RECORDING ANALYSER 


FOR ANALYSIS OF NOISE AND VIBRATION SIGNALS 


STEADY AND NON-STEADY SIGNALS ANALYSED AUTOMATICALLY 


Many types of noise and vibration signals can be handled. 

Equipment performs automatic amplitude/frequency analysis 
a of steady signals and automatic amplitude/frequency/ 

time analyses of non-steady (time varying) signals. 


COMPLETELY AUTOMATIC OVER FULL FREQUENCY RANGE 


‘Equipment is fully automatic over entire range of 
10c/s-19kc/s, but can be made to scan only part of 
the range. 


CHOICE OF THREE CONSTANT PERCENTAGE 
BANDWIDTHS 


A choice of three bandwidths is available, 
$ octave, 5% and 1.5%, giving octave 
discrimination of 30dB, 54dB and 70dB 
respectively. 


All results are presented on 
pre-printed amplitude/ 
frequency calibrated or 
amplitude-calibrated papers. 


OUTPUT RECORD IMMEDIATELY 
- 7 AVAILABLE 


FREQUENCY ACCURACY IS 
* HIGH 


Frequency accuracy of analyser 
alone is 0.5% and on output 
record, better than 1%. 


: WIDE AMPLITUDE RANGE 
ImV-300V, dynamic range 44dB 
generally, or 300mV-300V, 


dynamic range up to 70dB with 
steady signals. 


SEQUENTIAL ANALYSIS OF SIGNALS 


At the end of frequency scan, analyser can be 
made to select new input signal with automatic 
chart advance—making multi-channel analysis 
very simple. 


THE MUIRHEAD K-100 WILL SAVE TIME AND SKILLED MANPOWER 


A 5% bandwith amplitude/frequency analysis of a steady 
signal over range |0c/s-|9kc/s takes only 12 minutes. 


Write for further information 


MUIRHEAD 


Precision Electrical Instruments 


MUIRHEAD & CO. LIMITED, Beckenham, Kent, England. Telephone: Beckenham 4888 
MUIRHEAD INSTRUMENTS INC., 441 Lexington Avenue, New York 17, N.Y., U.S.A. 
Telephone : Murray Hill 2-813! 


MUIRHEAD INSTRUMENTS LIMITED, Stratford, Ontario, Canada. Telephones : 3717 & 3718 
458 
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Mailed 


to 
any 
part 
of 


the world 


on request 


TECHMOQU 


A Journal of Instrument Engineering 
for Scientists, Engineers, 
Technicians, Research Workers 


MUIRHEAD & CO. LIMITED 
BECKENHAM 
KENT 


ENGLAND 
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« PUSH BUTTON AND READ” 


THE THERMOMETER FOR YOU! 





The SWEMA Thermometer TS 11 is an electrical 
quick-action thermometer with cross coil instrument 
for quick and accurate measurement. Can be con- 
nected to a variety of measuring probes such as: 












Engineers in the com- 
pression coupling field 4 
itt Gok entiesiealh we PROBE MKT 12 for walls, windows, floors, radiators, pipes. 
The sensitive element is flexible and 
adopts entirely the shape of the object to 
be measured. 


for this neat, self-seal- 
ing coupling. It causes virtually 
no restriction to flow and joints 
can be easily broken without PROBE MKT 14 extremely fast for measurement of air 
losing oil or gas, or allowing temperature. Indicates instantly. 

dirt into the system. Connect- PROBE MKT 16 Measuring probe for insertion between 
ing entails tightening one coup- quick-frozen food-packages, no risk of 
ling nut only. Simple—effective damage to goods. 

—capable of unlimited adapta- 
tion. That’s why it’s a good 
plan to ‘join up’ with WADE. 


WADE SELF SEAL Couplings are now available for Ales anditable 


}” and #” O.D. Tube x }” or }” B.S.P. or A.P.I. Also Displacement, pressure, and acceleration transducers 
for Plastic Tubing }” O.D. x #” LD. x }" or }’ 


B.S.P. or A.P.I. For further details write to: 


WA wD EE _BRYANS AEROQUIPMENT LIMITED 
Specialists in precision measurement of pressure, tempera 
WADE COUPLINGS LIMITED ture and speed. Design and production facilities available 


for test, calibration and electronic equipment. 
270 High Road, Ilford, Essex 


Telephone: ILFord 1185/6/7 WILLOW LANE MITCHAM JUNCTION = SURREY 
TELEPHONE: MITCHAM 5134 (5 LINES) 
























PROBE MKT 18 for pipes of small diameters. 


PROBE MKT 20 for cereals, composts, etc. 
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KEEPS TIME — 
and SAVES TIME 
INN THE PROCESS 


The Airmec PROCESS TIMER Type N237 provides an 
accurately timed switching facility for industrial control 
purposes over the range 1-100 seconds. 


It employs a mains operated single valve circuit which 
is largely self-compensating for variations in supply 
voltage. Switching is effected by an output relay fitted 
with both heavy- and light-duty changeover contacts 
which are independent of the starting signal circuit. 


No electrolytic capacitors. 

No moving parts to wear out. 

Extreme reliability. 

Automatic resetting. 

Manual or automatic initiation. 

Robust steel case for wall or bench fixing. 


Ask for fully illustrated leaflet. 


AIRMEC LIMITED - HIGH WYCOMBE - BUCKS - Tel: High Wycombe 2501-7 
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Pneumatic 






































cylinders 
VIBRATOR 


TYPE Vi000C 


are right 


This vibrator has been developed to fill 
in the need for a medium power vibrator with a table surface in 
place of the usual single point drive spigot. The table is cast from 
a high duty magnesium and is 
6 in. (15.2 cms.) in 
diameter and provided 
with 12 X< jin. B.S.F. 
tapped holes for 
attachment of the test 
object. The moving 
coil is attached directly 


Standard and to the table casting. 
The weight of the 
moving system is 17.6 
Ibs. (8 kgs.) and a bare 
table acceleration of 
31 “G” peak can be 
obtained for an input 
current of 10 amps., 
which is equal to a 
thrust of 550 lbs. peak 
for an input power of 1 kW. The 
vibrator can also be supplied with a blower (V.1000C.B.) and 
will deliver a thrust of 750 Ibs. peak for an input power of 2 kW. 
Can be trunnion mounted if required. 





MOVING COIL 










W. BRYAN SAVAGE LIMITED 


Designers and manufacturers of amplifiers and vibrators for)}modern industry 
MARTONAIR LIMITED 17 STRATTON STREET, LONDON, W.! 
PARKSHOT - RICHMOND - SURREY Telephone: Grovenor 1926 


Telephone: RiChmond 2201 ‘ 
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DIAPHRAGM 
CONTROL 


VALVES 


Accurate, reliable, and economical, 
these Blakeborough types do full 
justice to the performance of the 
controlling instrument—hence their 
widespread use on modern automatic 
process control systems. An advanced 


and comprehensive range, well worth 


——v US eee 


investigating. 


BLAKEBOROUGH 


J. BLAKEBOROUGH & SONS LTD : BRIGHOUSE - ENGLAND 
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lin sley PRECISION COMPONENT RESISTORS 


| with Resistance tolerance better than 0.1%, 


Exceptionally compact and light in weight 
the Type 5206 resistor units of very high 
stability are hermetically sealed in metal 
cases, Designed for use where resistances 
up to 10 MQ are required, the units meet 
the specifications laid down in R.A.E. Spec. 
G.1177 and satisfy the tests described in 
Spec. R.C.S. 11. 


Rating: 500 V per Mo 

Temperature coefficient: + 20 parts per 
million per °C at 
room temperature 


Time constant: Approximately 10-* seconds 
Max voltage: 500 V d.c. 


Write for full details to: 


H. TINSLEY & CO. LTD.| Werndee Hall, South Norwood, London, S.E.25 tel : Addiscombe 6046-8 


TY 2 





A total of 156 ways per switch 


are possible aN 
was Rotary Switch 


Hendrey Relays M:O°S Type No. 5D/1849 


HENDREY RELAYS LTD. - BATH ROAD - SLOUGH - BUCKS - Telephone: Burnham 609/61! 
MANUFACTURING ELECTRICAL ENGINEERS @ CONTROL AND LABORATORY APPARATUS 
On Admiralty, Principal Ministries and Post Office Lists. A.1.D. and A.R.B. Approved 


Circle No 139 on reply card for further details CONTROL September 1960 


- 


SZETSEFSEPES F399 F 


Qesrzr23 2 32BR 


se 
Pi 
Se 
loi 
) 
te 
de 
m 
er 
a 





SERVICE DE RENSEIGNE- 
MENTS POUR NOS LECTEURS 
Tl eat souvent difficile au client 
publicitaire d’indiquer dans un 
espace resireint tous les détails 
de ses produits. Dans le cas o& 
vous désireriez de plus amples 
renseignements a ce sujet, veuslles 
pointer le numéro approprié sur 
la carte ci-contre et envoyer cette 
derniére 4 CONTROL 


AUSKUNFTSDIENST FOR 
LESER 

Es ist oft schwierig far Inserenten 
alle technischen LEinzelheiten 
aber ihre Produkte in einem 
begrenzien Platz zu bringen. 
dollien Sie noch weitere Aus- 
Hinfle wiinschen, streichen Sie 
einfach die bestimmten Nummern 
auf der nebenstehenden Karte an, 
und senden Sie sie an CONTROL 


SERVIZIO D’INFORMAZIONI 
PER | NOSTRI LETTORI 

FE’ talvolia difficile all’inser- 
sionisia di indicare in uno 
spazio ristretto tutti i particolari 
dei suoi prodotti, Qualora de- 
sideraste ricevere pik ampie 
informazioni a questo riguardo, 
favorite segnare il numero 
appropriato sul cartellino qui 
accanto ed inriare quest’ ultimo a 
CONTROL 


SERVICIO DE INFORMACION 
PARA EL LECTOR 

Se hace a menudo dificil para 
los anunciantes dar en un 
eapacio limitado todos los detalles 
ldenicos sobre sus productos. Si 
desea ulterior informacién, 
marque los nteros apropiados 
en la tarjeta opuesta y mdndela a 
CONTROL 
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SUB-MINIATURE POWER 
SERIES SERIES 


HERMETIC 


StH 
sa eee 


Electrical 
HEAVY-DUTY t v 1 i f ct 0 3 . PRINTED CIRCUIT 


MINIATURE SERIES 


SERIES * Precision Mouldings 


* Gold-plated Contacts 


SUB-MINIATURE ROUND 
SERIES 


STACKABLE 
SERIES 


MINIATURE ROUND Illustrated technical data sent on request: 
SERIES ; 
ELECTRO METHODS LTD., Electrical Connector Division, 
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every 
electrical 
engineer 
should 

have.... 










THE NEW SALFORD 


SELECTEST 


MODEL SUPER K 
1 mA movement. 






39 self-contained ranges for 
measuring A.C., D.C. voltages 
and currents and resistance. 


MODEL SUPER 50 
50 pA movement 


* 















Send for leaflet No. S.K. 50/6002/C 





SALFORD ELECTRICAL INSTRUMENTS LTD. 


PEEL WORKS. SILK STREET. SALFORD 3. LANCASHIRE. Tel: Blackfriars 6688 
London Sales Office: Magnet House. Kingsway. W.C.2. Tel: Temple Bar 4668 
A Subsidiary of THE GENERAL ELECTRIC CO. LTD. OF ENGLAND 





This timer offers a wide variety of contact arrangements without internal rewiring. It 
is self-resetting, can be started by a remote switch and is of medium price. LONDEX LTD. 
The IMP timer is available in two forms, flush mounting and wall mounting. The 


range includes timers to cover full scale times from 30 secs. with 4 sec. settings, up to ANERLEY WORKS 
24 hours with 20 min. settings—some of these available from stock. LONDON a £20 . 
> SZ. 


The timer is driven by a small but powerful self-starting synchronous motor working 
on 200/250 v. A.C. 50 cycle supply. Contacts are rated at 2 amps 250 v. A.C. Tel: S¥Denham 3111 (5 lines) 


Write for list 186/C. 
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CONTROL 


BUYERS’ GUIDE 
TO MANUFACTURERS AND SUPPLIERS 


— 


The CONTROL BUYERS’ GUIDE for 1960 lists more than 
1200 firms manufacturing every kind of control system and 
component. Published annually it is your quick reference 
book for addresses and control engineering components. 


Please send me the Control Buyers’ Guide, for which | 
enclose 3/6 + 6d postage and packing. 


NAME .... 


ROWSE MUIR PUBLICATIONS LTD 
THE ROWSE MUIR BUILDING, 
CHARLOTTE STREET, 


LONDON, WI 


CONTROL September 1960 
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Problems? 


could Screen Printing 
solve them? 


As Europe’s leading supply house we 
offer a complete service to industry. 
Our range of hand, semi- and fully 
automatic machines can handle any- 
thing from transistors to 20 ft. banners. 
Our technicians will be pleased to 
discuss your problems. 


IMPORTANT 


We publish a regular bulletin to our 
industrial customers, giving details of 
the latest developments in Screen 
Printing. If you use, or are contem- 
plating using, Screen Printing please 
make certain that you are on our 


mailing list. 


SCREEN PROCESS SUPPLIES LIMITED 


WALHAM HOUSE - WALHAM GROVE - LONDON SW6 FULham 9555 
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A SELECTION FROM 


Shaded Pole 
Constant 


Speed 
1/300-1/140 HP 


Shaded Pole 
Constant 


19-330 RPM 


Shaded Pole 
ae 
1/4-18 RPM 


Series Wound 
Variable 


Speed 
1/100-1/10 HP 


Series Wound 
Variable 


Ss 
25-800 RPM 


Series Wound 
Variable 


5 
05-60 RPM 


Series Wound 
Variable 


Speed 
1/40-1/5 HP 


Series Wound 
Variable 


22-800 RPM 


Series Wound 
Variable 


Speed 
0:3-60 RPM 


Capacitor 


nt 
1/150-1/30 HP 


fer 
1 7-880 RPM 


Capacitor 
Constant 


0-3-19°s RPM 


Capacitor 
Constant 


aeeiys HP 


Capacitor 


Constant 
0-2. fs"hem 


THE RANGE OF PARVALUX F.H.P. MOTORS 


1/40-1/5 HP 


Phase 


20-380 RPM 


“Conecant 
0-213"RPm 





REGO. TRADE MARK 


OUR 1960 CATALOGUE AVAILABLE ON REQUEST 


PARKSTONE, POOLE, DORSET, ENG. Tel: Parkstone 5411-2 PBX Grams: Parvalux Parkstone 


EARLY OCTOBER 


CONTROL's first INDUSTRY GUIDE AND DIGEST 
will be published. As well as summarizing the 
year's new and important control systems, 
components and instrumentation, 

it will include a revised and enlarged 

Buyers’ Guide, and the first-ever specialized 

Who's Who 

in the field of control engineering. 


FOR ADVERTISING RATES AND SUBSCRIPTION DETAILS 
WRITE OR PHONE 


ROWSE MUIR PUBLICATIONS LIMITED 


THE ROWSE MUIR BUILDING, 77-79 CHARLOTTE ST. 


LONDON W.1I4 MUSEUM 8252 
BUYERS’ GUIDE 
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FOR THE 


METEOROLOGIST 


WHO WANTS ITNT 
PRECISION ETT ATG 
s + 


CD TUTEVIE: 
: | PAU 
PUI MAC ACAD 
aaa aide 
Hee, 
Tima: 
Tat 





ne << ee 


EST 


arkstone THE W&T PRECISION ANEROID 
BAROMETER is a compact, easy-to-read instru- 
ment which gives highly accurate station pressure 
observations correct to a fraction of a millibar. 


Each barometer has a scale individually drawn 
to eliminate scale error and is designed so that 
drift and hysteresis are reduced to a minimum. In 
addition, all models are temperature compensated 
and unaffected by gravity. 


~”:”C~—C‘(‘Ca‘irSOC OS 


Here are some of the outstanding characteristics oJ 
of the model shown: 
Type: es «ee FA-139031 
Range: .. .. 100mbs., 75mm. of mercury 
or 3in. of mercury for any 
selected station pressure 


Accuracy: .. Plus or minus 0-3 mb. 


iets. ia is the WEST ‘STEPLESS 


Case: .. «+» Aluminium, 84 inch diameter 
by 34 inches deep, for flush 
panel mounting 


Write for further details 


INSTRUMENT DEPARTMENT E " y 


WALLACE & maar 
TIERNAN | 


POWER ROAD - LONDON W24 
TELEPHONE: CHISWICK VI9QE (1/0 LINES ) 
TELEX 23770 
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FrELAYS 


TO SPECIFICATION 


OstatatetatetatetatetetaTeteTereererererelererererelerelererelerereserere of 


* 
one 
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79 2 eee @ 
SSS SSSeSSeSeeeeeeeeoee @ 
1.0 “ete ee ee ce 0 2 6 6 8 0 6 0 0 8 2's 0 0 00's 0 ss 2 0 0 eee a ete 


POST OFFICE TYPE 
3,000 and 600 RELAYS 


Specialists in tropical and Services jungle finish. 
Guaranteed to full A.I.D. and I.E.M.E. standards, 


Mes", 


Prompt Deliveries. Prototypes within 24 hours. 


Approved by the Admiralty, Post Office and U.K.A.E.A. All relays 


guaranteed made in our own works. P.T.F.E. insulation now available 


Manufacturers to H.M. Government Departments and leading Contractors 
L. BE. SIMMONDS LIMITED, BYRON ROAD, HARROW, MIDDX. 
TELEPHONE: HARROW 7797/9 TELEGRAMS: SIMRELAY HARROW 
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posses all the merits of the 
LARGE Gapmeterss Porm noccies 

; Large Gapmeters are made 
for 4’, 3” and 1” B.S.P. sizes 
(nozzles or compression 
unions). 
Flow Range: 
60—1,200 c.f.h. Air. 
20—1,000 g.p.h. water. 
Price Range: £12 — £17. 
Safety: Gapmeters use no 
glass tubes larger than }?” i.d., 
and these are protected by 
Perspex covers. All 
Gapmeters can be tested 
to 250 p.s.i. 


Made in materials for all 
industrial fluids. 

For pipes larger than 1” 
compact main orifice and shunt 
Gapmeter assemblies are 
available from £12. 


323a Whitehorse Road, 
Croydon, Surrey 
Telephone : 

THOrnton Heath 4948 


Telegrams: 
GAPMETER, Croydon. 
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SPRING WASHERS 


CoS er 


Size Range 
10 B.A. to 
f’ B.S.F. 


Satisfactorily meets 
the following require- 
ments: Corrosion Resis- 
tance, Non-Magnetic, Excellent 
Electrical Conductivity, High 
Tensile Strength up to 85 tons 
per sq. in. Prevents damage te sur- 
faces to be locked together. Made 
to Admiralty Signal and Radar Estab- 
lishment Spec. A.110000-—Approved 
by RAE/RSP, 318 & RCL. 224. 
Supplied G.C.Q., A.I.D. or A.R.B. Released 


Prices and Samples on request. 


Formerly marketed by 
DAVID POWIS & SONS LTD. 


THOMAS HADDON & STOKES LTD - DERITEND - BIRMINGHAM 12 
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ototherm 


MERCURY-IN-STEEL 
TEMPERATURE INSTRUMENTS 


DIAL THERMOMETERS 
for Industrial purposes 


DIAL THERMOMETERS 


for Diesel engine use 


INDICATOR 
CONTROL 
THERMOMETERS 
with Electric Contact Head 


MAX. or MIN. 
INDICATORS 


TEMPERATURE 


RECORDERS 


Single or Dual Pen 
Fixed or Portable Models 


TEMPERATURE 


CONTROLLERS 
Indicating and Non-indicating 


Also a full range of BI-METAL and VAPOUR PRESSURE Temperature instruments 
Write for details 


THE BRITISH ROTOTHERM CO.LTD. 
Merton Abbey, London, S.W.19. Phone: LiBerty 7661 (6 a 
Nottingham ry: Hollis Street, New Basford. Phone: 
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AUTOMATIC BUNKER 
LEVEL CONTROL 


MAIHAK 


The Maihak Bunker Level 
Indicator automatically controls 
the filling level of fine and coarse 
grained bulk mass such as coal, 
coal dust, grain, plant husks, saw- 
dust, soap flakes, dried milk, etc. 
The Indicator can be fitted with 
either acoustic or visual signal 
equipment and the Maihak switch 
on the paddle operates, if required, 
the control pump or conveyor 
carrying the material to the 
Bunker. 

Complete details available from 
Sole Sales and Service 
Representatives in 

Gt. Britain and Ireland. 


SMAIL SONS & CO. LTD. 


2123 INDIA STREET, GLASGOW, C.3 
Telephone: CiTy 330! Telegrams: ‘*STEAM’’ GLASGOW 
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FRACMO 


Type 334C40 
Geared Motor with 
A.C. and D.C. 
interchangeable 
frames. 1-20 r.p.m 
Torque: 

20-10 Ibs./ins. 


MOTORS 


from '/2soth to '/3rd H.P. 


We have been in the forefront of 
developing Fractional Horsepower 
Motors for the past 25 years in the 
industrial field, and are able to meet 
the large variations in demand. 


Send for illustrated leaflet No. AB5S7/S showing our range of motors. 


FRACTIONAL H.P. MOTORS LTD 
ROOKERY WAY, LONDON, N.W.9 
Telephone: Colindale 8022/4 


Agents: S. Birchall, 31 Maldon Drive, Monton, Eccles, Manchester Eccles 1084 
Law & Plumtree, ““Glenholme’’, Holme Road, Matlock Bath, Derbys. Matlock 326 
DaF960C 
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¥* Combines high speed fixing 
with simplicity and 
security. 

%* Brings a new versatility, 
compactness and neatness 
to your wiring. 

%* Completely insulated and 
suitable for all climates. 

*& Proved in wiring 
installations throughout 
the world. 


*% Cuts wiring time by 52% 


%*%& Reduces rroduction 
bottlenecks and wastage of 


materials. 


%* Proof of the way 
Cradieclip saves time and 
money is available in our 
Time and Motion Study 
Report which will be sent 


to you on request. 


...thats = 


. Ltd, 


cradleclip 


. and the reason for the Reena success throug aa oe 
world of this pe meena ae ene The one-two . 
and it’s done slickness o ip together 
with all it’s other ae Se features bring 
new standards of efficiency at every stage 
of switchgear production and wiring 
contracts. 


The cradle sizes give a wide scope of 
cable and 
Cradlecli 


one-two 
and 


— it’s done 
Sore et iatltd Cradlectip 
Wiring System now. 
INSULOID MANUFACTURING CO. LTD. 


Sharston Works; Leaston Avenue, Wythenshawe, 
Manchester 22. Tel.: WY Thenshawe 2842 & 3163 











Circle No 156 on reply card for further details 


Apply ELECTROLUBE lubricants to 
all SWITCH CONTACTS and 
BEARING SURFACES of turret 
tuners, plugs and sockets, controls, 
gram motors, tape recorders etc. 


ELECTROLUBE lubricants are a 
British discovery—a scientific pre- 


a “just another switch 


cleaner” 


ELECTROLUBE lubricants stay effec- 
tive for months. 


lectrolube 


BRAND 


_-— LUBRICANT 





— 
5 
a 
cD 

I 


contact 
with 


ELECTROLUBE Brand No. 1 for 
light current applications, reduces 
fixed and relay contact resistance, 
stops audio interference, increases 


h.f. and I.f. gain by 3 dB etc. 


ELECTROLUBE Brand No. 2 for 
sparking contacts and heavier cur- 
rent duties, operates under difficult 
conditions, reduces wear on con- 
tactors 3 to 5 


times; increases Available in New 
No.! 22/-nett trade life of battery NYLON 
No. 2 33/- nett trad, motors 8 times. SNORKEL Container 





Supplied Only Through Your Wholesaler 
Electrolube and Snorkel are Registered Trade Marks of 
ELECTROLUBE LTD. 16, Berkeley Street, London, W.!. 
24 hour ANSAFONE service. Tel. HYDE Park 0501 (5 lines) 


Gs 
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AIDCOLA 


(Regd. Trade Mark) 


THE 
ELECTRONIC INDUSTRIES 
SOLDERING TOOL 
FOR THE 
TRANSISTOR AGE etc. 


ELECTRIC SOLDERING 
EQUIPMENT 


Manufactured in all Volt Ranges 
from 
6/7 to 230/50 Volt 
with elements 
Insulated from Earth 





A PRODUCT FOR 

PRODUCTION 
Designed for continual 

use on bench line assembly 










ODEL 
(Cat. No. 70) 


PROTECTIVE 
SHIELD 
(Cat. No, 68) 












BRIT. FOREIGN PATS. AND 
REG. DESIGNS ETC. 
Standards approved in 
all leading countries 








Catalogues 

Head Office, Sales & Service 
ADCOLA Products Ltd 
GAUDEN ROAD 
CLAPHAM HIGH STREET 
LONDON SW4 


* Telephones 
MACaulay 3101 & 4272 
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RELAY USERS 


: “ GORREX” 
TENSION GAUGES 


The] only instrument 
solely designed for accur- 
ately measuring tension 
on Relays, Contacts, 
Switchgear, and electri- 
cal apparatus of all kinds. 
Gauge measures in 
grammes, and a large 
range of sizes is produced 
to cover from 0.3-2,000 
grammes. 

Swiss made and guaran. 
teed. 


































Write for illustrations and prices from the 
Distributors throughout the U.K. 


JAMES W. CARR & CO. LTD. 


Dept. SALES 7-15 Rosebery Avenue, LONDON, E.C.1 
Telephone TERMINUS 8866 (P.B.X.) 
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PENNY & GILES 


MUDEFORD CHRISTCHURCH - 
TELEPHONE HIGHCLIFFE 2855 





col DARD 
SYNCHRO 


D.G.1. AND A.R.B. APPROVED MOUNTINGS 


PRECISION 
POTENTIOMETERS 


GENERAL DATA 


RESISTANCE RANGE 
100 ohms. to 100 K ohms. 






MECHANICAL RANGE 
360 degrees or with stops 


ELECTRICAL RANGE 
355 degrees or greater 


TORQUE 


0°025 oz. ins. to 0°25 oz. ins. 
Depending on Type 


All items have low inertia, precision 
ballraces, aluminium alloy cases and are 
suitable for operation over an ambient 
temperature range: minus 50°C to plus 
150°C. All Potentiometers are fitted 
with rear connections—either solder 
pins or captive leads. 


SINGLE AND MULTI-GANGED 
UNITS. 


WRITE FOR DATA SHEETS SIZE 18 
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details 


CLASSIFIED 


ADVERTISEMENTS 


DISPLAY ANNOUNCEMENT RATES:— 


1 insertion 40/- per single col. inch 


6 insertions 38/- per single col. inch 
12 insertions 36/- per single col. inch 


LINEAGE ANNOUNCEMENT RATES:— 
COPY DATE:— 


4/- per line. 5% discount 6 insertions, 10% discount 12 insertions 
| + extra will be charged 
Advertisements for Octcber issue to be received not later than September 23rd. 


SITUATIONS VACANT 


CELINA 


WHETSTONE Nr. LEICESTER 


ENGINEERS 


PHYSICISTS 


MATHEMATIGIANS 


An opportunity also exists for a young graduate engineer, 
physicist or mathematician to gain the experience 
required for the above position, assisting a senior engi- 
neer in the preparation of complex analogue simulators 
involving the use of 200-250 amplifier computer units. 


1. The CONTROL SYSTEMS GROUP which is 
responsible for the analysis and initial design of closed 
loop control systems for reactors and conventional plant 
has a senior vacancy for a young graduate mechanical 
or electrical engineer, a mathematician with a knowledge 
of basic control theory. Experience of either reactor or 
steam turbine systems, together with a familiarity with 
analogue computer operation would be an advantage 
but is not essential. 


2. The SAFETY SYSTEMS GROUP is concerned with 
the design of protection systems and analysis of transient 
behaviour of overall plant under abnormal conditions, 
and has a senior vacancy for a young graduate mechani- 
cal engineer preferably in the age group 25-32. 


These are a few of the several vacancies available and 
general enquiries will receive favourable consideration. 
The appointments are permanent and pensionable; the 
offices are situated in rural surroundings and assistance 
can be given with initial accommodation. 


Enquiries giving details of age, qualifications, experience and current salary (which will be treated in strictest confi- 
dence) should be addressed to the Technical Staff Officer, G.P.S., Marconi House, 336/7 Strand, London, W.C.2, 


quoting reference 1896N. 


INSTRUMENTATION 
DIVISION 


Technical Author 


Technical author with experience of elec- 
trical engineering plus, preferably, know- 
ledge of electronics/pneumatics as applied 
to instrumentation and control systems, to 
Prepare instructions and be responsible for 
all technical information used in sales 
material. Ideal working conditions at mod- 
ern factory in pleasant Essex countryside. 
All the usual pension facilities, housing 
for rental if required. Full details of 
experience, salary required etc., to Person- 
nel Officer. 

Instrumentation Division, Associated Electrical 
Industries Ltd., P.O. Box One, Harlow, Essex. 
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COMMONWEALTH OF AUSTRALIA 


WEAPONS RESEARCH ESTABLISHMENT 
AUTOMATIC GUIDANCE RESEARCH 


The Department of Supply invite applications for the following vacancy at the 
Weapons Research Establishment, Salisbury, South Australia:— 

POSITION : SENIOR SCIENTIFIC OFFICER. 

SALARY : £2460-£2655 (Australiari currency). 

DUTIES : Research into factors affecting the automatic guidance for weapons systems. 

QUALIFICATIONS : Honours degree in Physical Science or applied Mathematics. Wide experi- 
ence in application of information and probability theory to the development of servo 
systems and information processing desirable. 

TRAVEL : Under specified conditions, first-class air/sea transport for the appointee and depen- 
dants (wife and dependent children) will be provided by the Commonwealth. 

HOUSING : Rental housing is available. 

CONTRACT TERMS : If desired by the successful candidate consideration may be given to 
entering into an agreement for a three (3) or five (5) year contract of employment in 
Australia. In this case the Commonwealth will bear the cost of return fares; together with 
the cost of removing the successful applicants furniture and effects up to a maximum cost 
of £500 (Aust.), £250 each way. 

APPLICATIONS : Forms obtainable from the Senior Representative (AV.76/6), Department of 
Supply, Australia House, Strand, London, W.C.2, with whom completed applications should 
be lodged as soon as possible. 



















SITUATIONS VACANT 






HAGAN CONTROLS LIMITED 


A newly formed Company in London which manufactures electronic and 
pneumatic measurement and control systems for industrial plant, invites 
applications for the following vacancies:— 








INSTRUMENT AND CONTROL ENGINEER—An apprenticeship, prefer- 
ably served with Control Instrument manufacturers, Chemical manufacturer 
or Oil Company on Control instrumentation, together with a technical qualifi- 
cation of H.N.C. standard are essential. Subsequent experience for a period 
of at least five years in the field is required in order that the successful 
candidate should be capable of taking charge of the assembly and test of 
pneumatic and electric control equipment and flow meters. 

























SALES ENGINEER—An Engineer, age 25-35, with at least H.N.C. or equiva- 
lent, is required for the preparation of tenders for measurement and control 
systems for power utilities, steel works, etc. Previous experience in this field 
would be an advantage. 









DRAUGHTSMAN—A young man with initiative and above average ability 
is required ‘for this post. An approved apprenticeship and at least a Higher 
National Certificate are essential. 












Generous and progressive salaries. 










Applications, which will be treated in confidence, should state age, 
experience and qualifications and should be sent to: The General Manager, 
Hagan Controls Limited, 14 Grosvenor Place, London, S.W.1. 


















SALES ENGINEERS REQUIRED 


by a leading company manufacturing high precision Components, 
Mechanisms and Machines, with Technical Design, Research, and 
Development Departments. 


Candidates, preferably 30-35, should possess Honours Degree in 
Mechanics and/or Electronics with a proved ability to negotiate at all 


levels and be conversant with the development of new equipment and 
techniques. 


Car. Non-contributory Life Insurance and Superannuation. 


Commencing Salary £1750 in a progressive and interesting career. 
Full experience to Director. Box No. C 130. 



















































































COURSES 



























U.K.A.E.A. 


Harwell Reactor School 


CONTROL AND INSTRUMENTATION OF REACTORS 
COURSE No. 6 


This course will be held at Durley Hall, Bournemouth, from the 30th 
January to 10th February, 1961, inclusive. The fee for the course will be 
£32 10s., exclusive of accommodation. 

















It is intended for those who have a direct interest in the control and 
instrumentation of nuclear reactors, and it is assumed that participants have 
some knowledge of the basic principles of these subjects. 








Application forms and further details can be obtained from:— 


THE MANAGER, 
REACTOR SCHOOL 
A.E.R.E., 
HARWELL, BERKS 




















































DAVY AND UNITED 
INSTRUMENTS LIMITED 


require a CONTROL ENGINEER 
experienced in servomechanisms 
and familiar with the application 
of theory to practical systems. 
Practical experience of heavy elec- 
trical engineering, such as rolling 
mill drives would be a consider- 
able advantage. Good conditions, 
comprehensive amenities. 


Apply:—Personnel Department, 
Davy and United Instruments 
Limited, 

Darnall Works, Sheffield, 9 





Development Engineers 


wanted to help us with work on tran- 
sistor circuits and industrial instru- 
ments. Must have ability to think and 
analyse problems quickly and be able 
to press projects forward with initia- 
tive, courage, and drive. Experience 
in some related field essential and 
qualifications in engineering or applied 
oo useful. s 
on-contributory pension 
available. ; : 
Please reply, stating all relevant details 
and initial salary required to i 
Engineer, Elcontrol, Ltd., Wilbury 
Way, Hitchin, Herts. 


scheme 






NUCLEAR INSTRUMENTATION 


Supervisory and technical staff are re- 
quired by the United Kingdom Atomic 
Energy Authority in the Instrument 
Department at Windscale and Calder 
Works, Cumberland. 

The, department is responsible for the 
maintenance, calibration, installation and 
commissioning of industrial and electronic 
instrumentation in the chemical reactor 
and laboratory plants of a large atomic 
energy establishment. Vacancies exist in 
each of the following sections: 

(a) MAINTENANCE, A group responsible 
for the maintenance of electronic 
equipment used for the detection and 
assessment of radioactivity. Applicants 
should have considerable experience of 
pulse circuitry and a knowledge of 
counting techniques would be an ad- 
vantage. In certain posts experience in 
the maintenance of pulse  hefght 
analysers, simulators or data logging 
equipment is necessary. 

(b) INSTRUMENT TRAINING SECTION 
which is responsible for the training 
of instrument mechanic apprentices at 
Windscale and Calder Works. The 
duties will involve demonstration and 
lecture work concerned with training 
on Electronic and Physical instruments, 
instrument fitting and constructional 
work associated with instrument panels. 
Candidates for these posts would be 
expected to inspire confidence and 
have the ability to express themselves 
clearly and concisely. 

Applicants for all posts must have served 
a recognized Engineering Apprenticeship 
or have had equivalent training. Possession 
of O.N.C. may be an advantage. 

Salary within the scales 
Supervisor £925 at age 30 to £1105 p.a. 
Technical Staff £740 at age 26to £925 p.a. 
Contributory Superannuation. Staff Housing 

Scheme. 

Send postcard for application form, 
quoting ref. (P/W.46/J50), to Recruitment 
Officer, U.K.A.E.A. (Production Group), 
Windscale Works, Sellafield, Seascalt, 
Cumberland. 

Closing Date: 30th September, 1960 









TRY A CLASSIFIED 
—YOU’LL BE SATISFIED 
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TECH 
team 

techni 
dolski 
Garde 
MEA¢ 












Be SPECIAL EQUIPMENT ELECTRICAL CONNECTORS 


































| 
TELEPRINTERS 

’ SUPPLIES & SERVICES | | PERFORATORS PLUGS AND SOCKETS 
8 SECTION REPERFORATORS ; 
. | TAPE READERS more than 1,000,000 in stock, 
a Terminals and V.F. Telegraph multi- -overi 12 : 
r CAPACITY AVAILABLE channel wales “Tashi Bavlebent. covering over 50 different ranges, 
g Test cee, Tele hone Carriers and British and American 
: BUSINESS OPPORTUNITIES Rel Vectnmaet Temes coe Saas : 

elays, Transformers, Transmit an Penek It os . 
:. Receive Filters; Repeat ing and Retard. Stock list on application to : 

ation Coils; Racks, Rela ses, 5 . 

CONSULTANTS Uniselectors, Remote Control Trans- SASCO, 
mitters, British, American, and Ger- 





man Equipment. Nutfield, Redhill, Surrey 
BATEY & CO., GAIETY WORKS, 
Akeman Street, Tri H 


ring, Herts. 
Tel.: TRING 2183 and 2310 








Telephone: Redhill 5050 












GEARS 










50,000 PRECISION INSTRUMENT 
GEARS OF ALL TYPES FROM STOCK! 
(Now including Spiral Bevels) 


SOLENOIDS 


PHIL-TROL 
SOLENOIDS 


New 6 Page Leaflet (No. 108) now available. 
Covers small and medium solid core types 
including new types 45, 35, 36 and 37. 












Write for fully comprehensive Catalogue 


THE DAVALL GEAR COMPANY 
LIMITED 
















POTTERS BAR, MIDDLESEX 
Telephone Number: Potters Bar 2382 














SPECIAL SERVICES 


TECHNICAL TRANSLATIONS by a 
team of graduate experts, covering many 
technical fields and languages. P. Sucho- 
dolski, F.I.L(Eng.), 70 Greenfield 
Gardens, London, N.W.2. Telephone: 
MEAdway 2239. 





Send for your copy now 














Quick Delivery Solenoids are normally despatched same day as receipt of order 


PHILLIPS CONTROL (6.B.) LTD, sessoruth “nants 







PRESSINGS IN ALL 

METALS 
up to 60 tons 
Press tools manufactured in 
our own toolroom. Light 
assemblies—Domestic, Electri- 
cal and Mechanical. All 
finishes. A.I.D. and A.R.B. 
approved. Advice and estimates 
given free. 


Inquiries to: 


METAL COMPONENTS 






















Relay System 


The most highly developed 
Relay System available 



























LTD. a a Uc Wie for Use 
DOLPHIN ROAD NDON ROAD, + N rane , 
SHOREHAM-BY-SEA Tel. HOUns 6266: 626 
SUSSEX 
, by telephoning 
wh eye SAVE YOUR COMPANY’S TIME MUSeum 8252 








Shoreham-by-Sea 2224-5 


(and your own!) for prompt insertion of 


classified advertisements 


Makers of Precision Gears. All types up to 
8’ diameter 10 to 64 D. P. 


Send your enquiries to OUR NEW FACTORY 


G. W. EVERY & SONS LTD. 


FIRST AVENUE, DENBIGH ROAD, BLETCHLEY, BUCKS 
Telephone: Bletchley 2476 
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